(19) 




II 



(12) 



(43) Oateof puUication: 

1 0.06.1 998 Bulletin 1 998/24 

(21) Application nunnber: 97121472.1 

(22) Date of filing: 05.12.1997 



Europfllsches Patentamt 
European Patent Office 
Office europtondes brevets (11) EP 0 847 024 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. a.^: G06K 9/00 



(84) 


Designated Contracting States: 


(71) 


Applicant: 




ATBECH DE DK ES F1 FRGB GR IE IT LI LU MO 




YABflATAKE-HONEYWELL CO. LTD. 




NLPTSE 




Tokyo 150 (JP) 




Deagnated Extension States: 








ALLTLVMKROSI 


(72) 


Inventor: Fujiwara, Hlsatoshl 








12-19, Shi buy 2-clionne, Shibuya-ku, Tokyo (JP) 


(30) 


Priority: 06.12,1996 JP 326660/96 








20.06.1997 JP 164005/97 


(74) 


Representative: 




20.06.1997 JP 164018«7 




von Samson^flmmelstjema, Friedrlch R., [Hpl.- 




26.09.1997 JP 262009/97 




Phys. etal 




26.09.1997 JP 262039/97 




SAMSON & PARTNER 








Widenmayerstrasse 5 








80538 MQnctien(DE) 



(54) Hngerprint Input apparatus 

(57) A fingerprint input apparahJS includes a prism, 
a light source, a pinhole, and an imaging plane. The 
prism is placed such that a surface in one direction 
serves as a fingerprint ct^lection surfece. The Rgtit 
source irradiates light on the fingerprint collection sur- 
face through the prtsm. The pinhole is set in tiie path of 
light wrtiich is rejected by the pattern surface of a finger 
placed on the fingerprint collection surface and 
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emerges from the prism. The light emerging froni the 
prism arxi passing through the pinhole is formed Into an 
image on the imaging plane. When the prism is substi- 
tJted by ^r, an optical fingerprvit collection surfece 
equivalent to the fingerprint collection surface is set to 
be sitetantially parall^ to the imaging plane. 
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Description 

Backoround of the Invention 

The present in»/ention relates to a fingerprint input apparatus tor inputting fingerprints to register them or odtate 
them with fingerprints already registered. 

None of the fingerprints of different people coincide with each other, and the fingerprints do not change throughout 
their fives. Owing to these characteristics of fingerprints, fingerprint collation systems are especially used in the fields 
that require high degrees of security. An apparatus for inputting fingerprint images is a consUtuent element of such a 
fingerprint collation system. This fingerprint input apparatus includes an optical system as a constituent Tfie collation 
precision of the fingerprint collation system greatly depends on whether fingerprint Images can be con^ectly input 

Any conventional fingerprint infHJt apparatus, however, cannot otitain Wgh-quality fingerprint images. 

Summary of the Invention 

The present invention has been made to solve this problem, and has as its object to provide a fingerprint input 
apparatus which can obtain high-quality fingerprint images. 

In order to achieve the above object, accorcfing to the first a&pect of the present invention (according to claim 1), 
there is provided a fingerprint input apparatus comprising a prism placed such that a surface in one direction serves as 
a fir>garprint collection surface, a light source for irradiating light on the fingerprint collection surface through the prism, 
a pinhole set hi apath of fight which is reflected by a pattern surface of a finger placed on the fingerprint collection sur- 
face and em^es from the prism, and an imaging plane on which the fight emerging from the prism and passing 
through the pinhote is formed into an image, wherein when the prism is sutstituted by air. an optical fingerprint collec- 
tion surface equivalent to the fingerprint coHecBon surface is set to be substantially parallel to the imaging plane 

Aocorefing to this aspect, light reflected by the pattern surface of the finger directly or indirectly placed on the fin- 
gerprint collection surface and emerging from the prism passes through the pinhole and is (omied into an image on the 
imaging plane set to be ainwst parallel to the optical fingerprint collection surface of the prism. 

According to the second aspect of ttie present invention (according to daim 2), in the first aspect, when the optical 
fingerprint cofieclion surface has distortion with respect to the fingerprint collection surface, the Imaging plane is rotated 
through a predetermined angle. According to this aspect, distortion caused on the optical fngerprinl collection surface 
can be reduced by rotating ttie imaging plane almost p^l^ to the optical fihge^nt collection surface of the fmsm 
tftrough a ixedeternvned angle 

According to the third aspect of the present invention (according to daim 3), there is provided a f ingerprint input 
apparatus conprising a first prism placed such that a surface in one direction serves as a ftigerprint coOection surface, 
a fight source for irradiating fight on the fingerprint collection surface through ttie first prism, a pirrfwle set in a path of 
light which fe reflected by a pattern surface of a finger pteced on the fingerprint collecBon surface and emerges from the 
first prism, an Imaging plane on which the fight emergrng from the first prism and passing throufi^ the pinhole is fomned 
into an image, and a second pdsm placed in front of the imaging plane, wtieren tfw fingerprint coDection surface of the 
first prism Is set to be substantially parallel to the imaging plane, the fingerprint coOection surface of the first prism is set 
to be substantially parallel to a surface of the second prism on the ima^ng plane side, and an eodt surface of the first 
prism with respect to tiie pirthole is set to tw substantially parallel to an indderrl surface of the second 

to the FMnhde. 

According to tNs aspect tfw optical system on the first prism side is rnade sirnifar to the optical 8^ 
ond prism side with the pinhole being flie center, and fight reflected by the pattern surface of the finger directiy or indi- 
rectly placed Oh the fingerprint coflection surface and emergmg from the first prism passes through tiw pinhole and the 
second prism and is formed into an image on the imaging plane. 

According to the fourth aspect of the present invention (according to daim 4). in the first second, and thtid aspects, 
the apparatus furtiier conprises i»nhole position acljusting m&ans for adjusting a position of the pinhole. According to 
this aspect the position and size of afingerprint image on the imaging plane can be changed by adjusting the position 
of the pinhole in the back-and-forth direction, the lateral direction, the vertical direction, and the fike. 

According to the fifth aspect of the present invention (according to daim 5). in the fourth aspect, the pinhole position 
adjusting means is constituted by a manual adjusting mecharusm, and the apparatus further comprises a dispfay sec- 
tion for dispfaying a fingerprint image tanned on the imaging plane. AocorcSng to this aspect the user can change the 
position and size Of a fingerprint image on the imaging plane by adjusting the position of the pirtholo in the back-and- 
tortii direction, tiie lateral direction, the vertical direction, and the tike while seeing the displayed fingerprint image 

According to Vne sixth aspect of the present Invention (acoorcfing to daim 6), ttw pnhole position acQusting means 
automaticafiy adjusts the position of the pinhole According to this asped, the position of the pinhole is automatically 
adjusted, and tiie position and size of a fingerprint image on the imaging pfane are adjusted to set values. 
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According to the sevanth aspect of the present invention (according to claim 7). in the first second, and tWrd 
aspects, the light source is an LED or a laser beam radiator. Accading to this aspect, tight from an LED or a laser beam 
radiator, i.e., light having a angle wavelength, is irradiated on tfie fingerprint collection surface through the prisnt 
According to the eightti aspect of the present invention (according to daim 8), there is provided a fingerprint input 

5 apparatus comprising a prism fAaced such that a surface in one direction serves as a fingerprint collection sitfface, a 
tight source for irradiating light on the fingerprint cotlection surface through the prism, a pinhole set in a path of tight 
which is reflected by a pattern surface of a finger placed on ttie fingerprint collection surface and emerges from the 
prism, a lens placed dose to a rear side of the pinht^e, and an imaging plane on which the light emerging from the prism 
and passirtg ttirough the pinhole and the lens is fonmed into an image, wherein when a str^ht line corviecting a center 

10 of tiie fingerprint collection surface and a center of the imaging plane is an optical axis, the innaging plane is indined 
witii respect to the optical axis to preverrt a blur, and a cerrtral axis of the lens is indined vnth respect to tiie optical axis 
to prevent trapezoidal distortion. 

According to this aspect, the light intensity of a fingerprint image formed on the imaging plane is increased by the 
lens placed close to tiie rear side of the pinhde. In this case, a blur is suppressed by inclining the imaging plane with 

IS respect to the optical axis, and ti^apezoidal distortion is suppressed by indining the centiat axis of the lens with respect 
to the optica] axis under ttie condition in which this blur is suppressed. 

According to ttie ninth aspect of the present invention (according to daim 9). in a fingerprint input apparatus based 
on the optical path separation method, a cut surface is formed at a distance from a vertex of the prism which opposes 
the fingerprint collection surface, and the light source is placed to oppose the cut surface of the prism. According to tNs 

20 asped, light from the light source is inddent on the prism through the cut surface to be irradiated on tiie fingerprint col- 
lection surface witii an cdmost uniform diffusion angle 

According to the 1 0th aspect of the present invention (according to claim 1 0), in the ninth aspect, tiie cut surface is 
formed under conditions that an imaging optical path of Bght from Uie fingerprint collection surface to the imaging pl^e 
is not shielded, and an image of the Bght source is not projected on ttie imaff ng plane. According to this aspect the 

25 imaging optical patii of light from the fingerprint cdiection surface to ttie imaging plane is not shidded in the prism, and 
an image of the light source is not projected on the imaging plane. 

According to tiie 11th aspect ol the present invantion (accwding to daim 1 1). in ttie ninth aspect the cut surface is 
formed under conditions that an imping optical path of light from the tingerprirrt coliection surface to the imaging plane 
is not shielded, an image of tiie light source is not prpjeded on the imaging plane, and light from the light source is not 

30 totally reflected by ttie fingerprint collection surface. According to tiiis aspect the imaging optical patti of light from the 
fingerprint collection surfece to the imaging plane is not shielded in the prism, and an an image of the light source is not 
prcjeded on the imaging plane. In addition, light from the light source is not tot^ly reflected by the fingerprint cdlection 
surface. 

According to tiie 12tti aspect of the present invention (according to daim 12), iri the ninth aspect, tiie cut surface is 

35 formed under a condtion that an imaging optical path of light from tiie fingerprint collection surface to ttie ima^ng plane 
is not shielded, and a Bght shield is provided for a region, on the cut surface, on which an Image of ttie light source can 
t>e projected. Aocordng to this aspect ttie imaging optical path of fight from the fingerprint collection surface to the 
■imaging plane is not shielded in the prisnt In addition, since tiie fight shield is provided for the cut surface, there is no 
possit»fity tiiat an image of the light source is prcjected on the imaging plana 

40 Accofding to the 13tti aspect of the present invention (according to dam 13), in the ninth to 12tti aspects, ttie cut 
surface of ttie prism is a concave surface Acoordng to Wis aspect fight from ttte fight source ts incident on tiie prism 
thixxjgh the concave cut surfece and irradiated on ttie fngerprint oofiection surface wrtti a urvform diffu^ angia 

According to ttie I4th aspect of the present invention (according to daim 14). tn ttie 13th aspect, the cut surface of 
the prism has a convex outer periphery. According to ttiis aspect Sght from the fight source Is diffused by the concave 

45 inner surface of the cut surfaoe. and ts focused by the convex surface of ttie outer periphery of the cut surface to be 
irradiated on the fingerprint cotlection surface. 

According to ttie 1 5tti aspect of tiie present invention (according to daim 15). in a fingerprint Input apparatus based 
on the optical path separation metticd, the light source is placed in contact with the prism through a matching mennber 
haying a predetermined refractive index. According to ttits aspect light from ttie fight SMffce ts incident on the prism 

so through the matching member to be irradiated on tiie fingerprint collection surface witti an almost uniform d'rfhjsion 
angle. 

According to ttie 1 6tti aspect of ttie present invention (according to daim 16), there is provided a fingerprint input 
apparatus comprising a prism placed such that a surface in one cGrection serves as a fingerprint collection surface, end 
a light source mounted on a surface of a sutjstrate and serving to irracfiate Bght on ttie fingerprint collection surface 
55 through ttie prism, wherein a film having a Wgh r^lectance is formed on ttie surfeoe of the substrate on which tiie light 
source ts mounted. According to ttus aspect light leaking fnmi the side and rear surtaces of the tight source is reflected 
by ttie reflecting f am on ttie sidKtrate surface and incident on tiie prism. 

According to the 1 Ttti aspect of tiie present invention, (according to daim 1 7), there is provided a fingerprint input 
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apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, and 
a light source mounted on a surface of a substrate and serving to irradiate light on the fingerprint collection surface 
through the prism, wherein a film for shielding light is fonmed on the surface of the siAstrate on which the light source 
is mounted. According to tNs aspect, light leaking from the side and rear surfaces of the fight source is shielded by the 
light-shielding film on the sUwtrate surface, thereby preventing the light from passing through the substrate and leaking 
out from its rear surface. 

According to the 18th aspect ol the present invention (according to daim 18). there is provided a fingerprint input 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, and 
a light source mounted on a surface of a substrate and serving to irradiate light on the fingerprint collection surface 
through the prism, wherein a film (reflecting/light-shielding film) having a high reflectance and shielding fight is fomied 
on the surface of the substrate on which the light source is mounted. According to this aspect, light leaking from the side 
and rear surfaces of the light source is reflected by the reflecting/light-shielding film on the sidwtrate surface and inci- 
dent on the prism. In addition, light leaking from the side and rear surfaces of the fight source is shielded by the rellect- 
ing/light-shielding film on the substrate surface, thereby preventing the light from passing through the substrate and 
leaking from its rear surface. 

According to the 19th aspect of the present invention (according to daim 19). there is provided a fingerprint Input 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, a 
light source for inadiating light on the fingerprint collection surface through the prism, an imaging plane on which light 
reflected by a pattern surface of a finger placed on the fingerprint collection surface and emerging from the prism is 
formed into an image, a prism holder for holding the prism to fix the fingerprint collection surface such that the finger- 
print cofiection surface opposes a finger mount portion opening of a main body case, the prism holder having an open- 
ing at least in a surface portion opposing an exit surface of the prism and an incident surface of the prism on which light 
from the light source is incident and a light-shielding cover for covering an imaQpng optical path between the exit surface 
of the prism and the imaging plane while isolating the optical path from the outside. 

According to the 20th aspect of the present invention (according to claim 20). in the 19th aspect, an optical noise 
process is performed for a suriiace of an inner wall of the light-shielding cover. 

According to the 21 st aspect of the present invention (according to daim 21). in the 1 9th or 20th aspect, a film hav- 
ing a high reflectance is formed on a surface of an outer wall of the light-shiekiing ewer. 

According to the 22nd aspect of the present invention (according to daim 22), in the 1 9th aspect, the Dght source 
is covered with a fight source ccwer except for a portion on the exit surface side with respect to the prism, and the light 
source cover arxl the light-welding cover are integrally formed. 

According to the 23rd aspect of the present invention (according to claim 23). in the 22nd aspect, a film having a 
high reflectance is fomned on a surface of an inner wall of the fight source cover. 

According to the 24th aspect of the present invention (according to daim 24). there is provided a fingerprint iipul 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collectton surface, a 
light soiree tor irradiating light on the fingerprint collecbon surface through the prism, an imaging pfane on which light 
reJIected by a pattern surface of a finger placed on the fngerprint collection suriiace and emerging from ttie prism is 
formed into an image, a prism holder for hokfing the prism to fix the fingerprint coBection surface such that the finger- 
print coDection surface opposes a finger mount portfoo opening of a main body case, the prism holder having oper^ngs 
at least in a surface portton opposing an exH surface of the prism and an incident surface of the prism on which light 
from the light source is inddem. an imaging plane case for storing the imaging plane, the case having an opening on 
the exit surface side of the prism, and a fight-sNekfing cover for cowering an imaging optical pa^ 
face o# the prism and the imaging pfane while isolatino the optkal path from the outside, wha 
shielding cover on one end side is coupled to the opening of the prism holder which opposes the exit surface of the 
prism with a fitting structure, and an opening of the Bght-shieWing cover on the other end side is cotpled to the opening 
of the imaging pfane case with a fitting structure. 

Brief Description of the Drawing^ 

Figs. 1A and 18 are views for explaining the main part (Embodiment 1) of ttie optk»l system of afwigerprint irpul 
apparatus according to the present invention; 

Fig. 2 is a bfockcfia^am showing a fingerprint cofiaUon system using this fingerprint input apparatus; 

Figs. 3A and 3B are enlarged views showing a fingerprint input section (total reflection method) and a conventional 

fingerprint input section corresponding thereto; 

Figs. 4A and 48 are enterged views shownng a fingerprint input sectfon using ttie optical separation method and a 
conventfonal f ingerprirrt input sedkxi corresponding thereto; 

Figs. 5A and 58 are a perspective view and a plan view, respectively, showing the fingerprint input apparatus in Fig. 
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Rgs. 6A and 68 are views respectively shownng how fingerprint Images are displayed in registration and collation 
processes: 

Rg. 7 is a f kw chart for explaining a fingerprint registration process (manual pinhole position adjustment) in this 
fingerprint collation system; 

Fig. 8 is a fkw chart for explaining a fingerprint collation process (automatic pinhole position adjustment) in this fin- 
gerprint collation system; 

Fig. 9 is a fkw chart for explaining a fingerprint registratkxi process (automatic pinhole position adjustment) in this 
fingerprint collatkMi system; 

Fig. 10 is a fkw chart lor explaining a fingerprint collatton process (automatic pinhole positfon adjustment) in this 
fingerprint collatbn system; 

Figs. 1 1 A and 1 1 B are views for explaining how a barycentrk: position is calculated in automatic pinhole position 
adjustment: 

Figs. 12A and 12B are views for explaining how a size is calculated in automatic pinhole position adjustment: 
Rgs. 13A to 13C are views for explaining measures to reduce distortion Iretween a fingerprint collection surface A- 
B and an optka) fingerprint collection surface A-B'; 

Rg. 1 4 is a view for eixplaining measures to completely eliminate distortion caused when the optfcal fingerprint cot- 
lection surface A'-B' is a curved surface; 

Fig. 15 is an enlarged view showing a ftngerprint input section (total refleclron method) using a rectangular prism; 
Fig. 16 is a view for explaining the main part of the optical system of a conventional fingerprint input apparatus; 

Fig. 17 is a view showing the main part of a fingerprirt input apparatus having a lens near the rear surface 
hole plate: 

Figs. ISA and 1 SB are views for explaining trapezoidal distortion caused in this fingerprint irput apparatus: 
Fig. 19 is a view for explaining bapezoidal distortion caused in this fingerprint input apparatus: 
Rgs. 20A and 20B are views showing the main part (Embodiment 2) of a fingerprint input apparatus according to 
the present invention; 

Figs. 21 A and 21 B are views for explaining how trapezoklal distortion is corrected by tran-el distortkwi: 
Figs. 22A and 22B are views lor explaining how trapezoklal distortkm is corrected pincushion distortion; 
Fig. 23 is a view showing the main part of a fingerprirrt input apparatus using the optical path separation method 
on whtoh Embodiment 3 is tjased; 

Fig. 24 is a view showing the main part of a fingerprint input apparatus using the total reflection method on which 
Embodimait 3 is based: 

Fig. 25 is a view for explaining how illumination irregularity occurs in the fingerprint irput apparatus in Rg. 23; 
Fig. 26 is a view shewing the rrain part (Embodiment 3-1) of a f ingerprint input sedkxi according to the present 
invention; 

Fig, 27 is a view for explaining conditkx) Q) for the famation of a cut surface; 
Fig. 28 is a view for explaining conditfon © for the formation of a cut surface; 
Fig. 29 is a view for explaining conditkxi ® for the formation ol a cut surface; 

Fig. 30 ts a view for explaining a proWem posed when an incfined surface is formed as a cut surface whPe at (east 
conditions 0 and (Z> are satisfied; 

Rg. 31 is a view showing the main part (Errbodiment 3-2) of a fingerprint input apparatus according to the present 
invention; 

Figs. 32A and 32B are views for explaining the necessity of Bght shieking for a region where condition <a is not 
satisfied in Embodiment 3-2; 

Figs. 33A and 33B are views respectively showing the main parts (Embodiments 3-3 and 3-4) of fingerprint irmut 
apparatuses according to the present invention; 

Rgs. 34A and 34B are views showing the main part (Embodinvent 3-5) of a f bigerprint input apparatus according 
to the present invention; 

Fig. 35 is a view showing tiie main part of a conventional fingerprint irput apparatus on wtifch Entxxliment 4 is 
based; 

Fig. 36 isa view showing ttie main part (Embodiment 4) of a fingerprint input apparatus according to the present 
inventi'on; 

Figs. 37A and 37B are views how a reflecting film (Bght-shiekling f«m or reflecting/Iighl-shiekJing fBm) is formed on 
the 6ut>strate surface of this fkigerprint input apparatus; 

Figs. 38A and 38B are views showing how L£Ds are mounted on tt» substrate surface on whfch tiie reflecting film 
(light-shiekltng film or reflecting/l'ight-shielding film) is formed; 

Figs. 39A and 39B are views showing how a mefal film as a reflecting/light-shiekling film is formed on ttie substrate 
surface; 

Fig. 40 is a view showing an example of how the present invention is applied to a fingerprint input apparatus using 




EPO 847024 A2 



ttie total reflection method; 

Rg. 41 is a view showng the m^n part of a conventional fingerprint input apparatus on which Embodiment 5 is 
t>ased: 

Rg. 42 is a view showving the main part (Embodiment 5-1) of a fingerprint input apparatus according to tfie present 
5 invention: 

Rg. 43 is an exploded perspective view showing the main part of this fingerprint input apparatus; and 

Rg. 44 is a view showing the main part (Embedment 5-2) of a fingerprint input appvatus according to tiie present 

invention. 

10 Description of the Preferred Embodiments 

Embodiments of the present invention will be described in detail below. 
[Emtxxiiment 1 : Rrst to Seventh Aspects] 

15 

Prior to a description of the first to seventh aspects of ttie present invention, the techniques on which these aspects 
are based will be described. To obtain higtKiuality fingerprint images, some countenneasures must be taken against 
fingerprint image distortion and tAurs. Several fingerprint input apparatuses designed to cope with fingerprint image dis- 
tortion and blurs have already t>een proposed in Japanese Patent Laid-open Na 59-142675, J^nese Utility Model 
so Laid-open No. 63-99960. Japanese Patent Laid-Open No. 2-176984, and the like. Since all these fingerprint input 
apparatuses use lenses for optical systems, fingerprint distortion &nti blurs cannot be eliminated at once, 

Rg. 16 shows the m^n part of the optical system of a conventional fingerprint input apparatus. Referring to Rg. 16, 
reference numeral 1 denotes a prism; and 2, a lens. Reference symbol A-B denotes, the fingerprint cdlection surface 
of the prism 1 ; O, tiie center of the lens 2; and F, ttie focal point of the lens 2. For the sake of descriptive convenience, 
25 in the arrangement shown in Rg. 1 6, the prism 1 is assumed to have Vne same refractive index as ttiat of air. Although 
not shown, an incandescent lamp is placed on the knver surface side of the prism 1 such that tight from the incandes- 
cent lamp is irradiated on the fingerprint ooHection surface A-B through the prism 1 . 

In tiiis optical system, the imaging plane of a tight-rec^ng unit may be set to a plane E-Q (imaging plane 0) to 
prevent an entire image of the pattern surface of a finger placed on the f nngerprint collection surface A-B, i.e., an entire 
30 fingerprint image, from t>lurring. In this case, however, since the optica path ratio varies (AO : OG * BO : OE), tfie fin- 
gerprint image is distorted To prevent tfie fingerprint image from being distorted, Vne imaging plane of the light-receiv- 
ing unit may t>e set to a plane E-H (innaging plane 0). In this case, however, a point A on the fingerprint collection 
surface A-B expands to "H-K" on ttie imaging plane E-H. As a result, Une fingerprint image thas. As descnt>ed above, 
a blur and distortion cannot l>e ^iminated at once as tong asthe lerts 2 is used. As importance is attached to correction 
35 of distortion, the Uur worsens and leads to cfifficuity in practical use, and vice versa. That is, with the arrangement 
shown in Rg. 16. a con^romtse imist be made between distortion and a blur wHhin the respective practical ranges. 

Under the circumstances. Embodiment 1 uses a pinhole plate in place of the lens 2 to greatly reduce <Sstorti6n and 
a l>lur so as to obtain a high-quatify fingerprint image. 

40 [Basic Principle] 

Rg. 1 A shows the main part of flie optical system of a fingerprint input apparatus according to the present inven- 
tion. Refening to Rgs. 1 A and 1 B, reference symbol A-B denotes the f ingerprim collection surface of a prism 1 ; C-D', 
a pinhole plate surface having a pinhole PH formed in its center; and O, the center of the pinhole PH. For the sake of 

45 descriptive convenience, in the arrangement sfiown in Rg. 1 A, the prism 1 is assumed to have tiie same refractive index 
as that of £ur. Although not shown, an LED is placed on the tower surface side of the prism 1 such that fight from the 
L£D is irradiated on Vne fingerprint collection surface A-B through the prism 1 . Note that this LED may be a laser beam 
racfiator. Light emitted from an LED or laser beam radiator has a single wavelengtii and is less in optical irregularity than 
light from an incandescent lamp. Owing to such characteristics, the LED allows a high resolution, and has a long serv- 

so ice lifa In addition, the heat generated by the LED exerts litUe influence on the apparatus. 

In this optical system, the fight reflected by the fingerprint surface of the finger placed on the fingerprint collection 
surface A-6 and emerging from the prism 1 passes through the pinhole PH and is fonned into an image on an imagmg 
pi^e l-J. In this case, if the fingerprint collection surface A-B of ttie prism 1 and the imaging plane l-J are set to be par- 
afiel to each other, the optical paUi ratio is made constant (AO : OJ ° BO : OO. and no fingerprint image distortion 

55 occurs. In addition, since one point on the fingerprint collection surface A-B is imaged on one point on the imagir)g plane 
N, no fingerprint image blur occurs. That is. both distortion and a blur can be prevented at once. 

In the arrangement shown in Rg. 1 A, the prism 1 is assumed to have the same refractive index as that of air. In 
practice. iKwever, the refractive index of the prism 1 differs from VneA of air. For tHs reason, as shown in Rg. 1 B, a sur- 
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face equivalent to the fingerprint colleclion surface A-B when the prism 1 is substituted by air is set as an optical finger- 
print collection surface A*-B' {a curved surface A'-B' indicated by the dotted tine in Rg. IB), and this optical fingerprint 
collection surface A-B' and the imaging plane l-J are set to be parallel to each other. In tNs case, since it is difficult to 
form the imaging plane W into a curved surface in terms of techniques and cost, the straight line A'-B* and the imaging 
plane W are set to be parallel to each other. In other words, a triangle A'OB' and a triangle JOI are set to be similar to 
each other. With this arrangement the optical path ratio is made constant ( AO .: OJ » Bt) : 01 ). and hence fingerprint 
image distortion can be suppressed. In addition, since one point on the straight line A'-B' is imaged on one point on the 
imaging plane t-J, a fingerprint image Wur can be suppressed. That is, both the blur and the distortion can be greatly 
reduced. 

The position and size of the fingerprint image on the imaging plane l-J can be adjusted by adjusting the position of 
the pinhole PH in the back-and-forth direction (Z direction), the lateral direction pC direction), and the vertical direction 
(Y direction). With the use of this scheme, an increase in parts assembly tolerance and reductions in cost, weight, and 
size can be attained as compared with the scheme using the lens. 

[Practical Example] 

Fig. 2 shows the arrangement of a fingerprint collation system using a fingerprint input apparatus based on the 
principle descn*bed above. Refening to Rg. 2. reference numeral 10 denotes a fingerprint input apparatus; and 20, a 
processing section. The fingerprint input apparatus 10 includes a ten-key pad 1 0-1 . a display (LCD) 10-2. and a finger- 
print input section 10-3. The processing section 20 includes a control sectk)n 20-1 having a CPU. a ROM 20-2, a RAM 
20-3. a hard disk (HD) 20-4. a frame memory (FM) 20^, an externa! connection section (l/F) 20-6, and a Fourier trans- 
form section (FFT) 20-7. Registration and collation programs are stored in the ROM 20-2. 

In the fir>gerprint input apparatus 10, as shown in the enlarged view in Rg. 3A. the fingerprint input section 10-3 
includes a light source (LED) 10-31. a diffusion plate 10-32. a prism 10-33, a pinhole plate 10-34. a pinhole position 
adjusting medianism 10-35, and a light-receiving unit 10-36, 

In this case, a total reflection method is used for the fingerprint input section 10-3 such that the LED 10-31 is placed 
on the left side of the lower surface side of the prism 10-33, and light from the LED 1 0-31 is irradiated on a fingerprint 
collecUon surface A-B of the prism 10-33 through the prism 10-33. In this arrangement, as is obvious, a surface equiv- 
alent to the fingerprint collection surface A-B when the prism 10-33 is substituted by air is set as an optical fingerprint 
collection surface A'-B' (a curved surface A'-B' indicated by the dotted line in Fig. 3A), and this optical fingerprint collec- 
tion surface A'-B' and an imaging plane l-J ol the light-receiving unit 10-36 are set to be almost parallel to each other. 
That is. the straight line A'-B' and the imaging plane W are set to be parallel to each other. 

When an optical path separation method is to be used for the fingerprint input section 10-3. as shown in Rg. 4A, 
the LED 10-31 is placed on the right side ol the lower surface side of the prism 10-33. and a black coating (or Hfi^- 
shieWing plate) 10-37 is formed on the left-side surface of the prism 10-33 so that fight from the LED 10-31 is irradiated 
on the fingerprint collection surface A-B through the prism 10-33. In this case as weH. as is obvioos, a surface equivalent 
tothe fingerprim collection surface A-B when the prism 10-33 is substituted by air is set as an optical fingerprint cdlec- 
tion surface A'-B' (a curved surface A*-B* indicated by the dotted line in Rg. 3A), and this optical fingerprint collection 
surface A'-B' and the imaging plane Ki of the fight-receiving unit 10-36 are set to be almost parallel to each other. That 
is, the straight line A'-B' and the imaging plane K) are set to be parallel to each other. The formation ol the black coaling 
(or light-shielding plate) 37 on the left-side surface ol the prism 10-33 can prevent externally inckfent disluit)ance fight 

from influencing the apparatus. 

Since the prtfwqjies of the total reflection nwttiod and the optical path separation 
reference 1 (THE TRANSACTIONS OF THE INSnTUTE OF ELECTRONICS. INFORMATION AND COMMUNICA- 
TION ENGINEERS. 85/3. \tol. J68-D, No. 3. pp. 414 - 415). a detafled description thereof wifi be omftted. In the total 
reflection mdhod, total reflection is caused on a non-conlact portton of a fingerprint surface, while tot^ 
vented on a contact portion, and the difference between the light from the non-contact portion and that from the confact 
portion is detected. In ttie optical path separation mefliod. only fight from the contact portion of a fingerprint surface is 
detected without any fight from the non-contact portion. For reference, Rgs. 3B and 4B respectively show the conven- 
tional arrangements of fingerprint input sections using the total reflection method and the optical path separation 
method. Each conventional arrangement uses an incandescent lamp 10-31* as a light source and a lens Ln for a light- 
receiving unrt 10-36'. 

Rgs. 5A and 5B show the fingerprint input apparatus 10. In tWs fingerprint input apparatus 10, the fingerprint col- 
leclion surface A-B of the prism 10-33. U.. an upper surface UP ol the prism 10-33. is exposed, and a guide 10-41 is 
formed on a case 10-4 to afiow an operator to put his/her linger on the upper surfiace UP ol the prism 10-33 direcfly or 
indirectly (a f Bm may be fonned). The ten-key pad 10-1 and the disptey 10-2 are ananged side by skla The ten-key pad 
10-1 has a fingerprinl input confirmation key 10-11. Three-axis position adjusting knobs Cx. Cy. and Cz rolalatily cou- 
pled to the pinhole position adjusting mech^ism 10-35 are arranged on a side surface of the case 10-4. 
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[Registration of Rngerprint (Manual Pinhole Po^on Actjustment}] 

In this fingerprint collation system, the fingerprint of a user is registered in the foltowing manner. The user Inputs an 
ID ruimber assigned to him/her by u»ng the ten-key pad 10-1 before using the system (step 101 in Fig. 7). The user 

5 then puts his/her finger on the upper surface UP fingerprint collection surface A-B) of the prism 10-33 along the guide 
10-41 of tiie fingerprint input apparatus 10. Light from the LED 10-31 has been irradiated on the fingerprint collection 
surface A-B of tiie prism 10-33. so the light from the LED 10-31 is totally reflected by tiie recess portions (groove por- 
tions) of tfie skin sur^ce which are net in contact with the fingerprint cdlection surtace A-B. In contrast to this, at the 
projection portions (ridge portions) of the skin surface wNch are in contact with the fingerprint cc^ection surface A-B, 

10 the total reflection conditions are not satisfied, so ttie Bght from the LED 10-31 is scattered. 

The light reflected t)y the skin surface of the finger placed on the fingerprint collection surfece A-B and emerging 
from tiie prism 10-33 passes through the pinhole PH arxj is fonmed irrto an image on ^e imaging plane KJ of the light- 
receiving unit 1 0-36. As a result, the fingerprint portion corresponding to the groove portions becomes bright, and the 
fingerprint portion corresponding to the ridge portions t>econnes dark. That is, a fingerprint image with a contrast is coA- 

15 lected. The pattern of the collected fingerprint (registration fingerprint) is supplied as gray scale image data to the 
processing section 20. 

The control section 20- 1 loads the image data of the registration fingerprint from the fingerprint input apparatus 1 0 
through the frame memory 20-5 (st^ 1 02) and displays it on the display 10-2 (step 103). Fig. 6A shows a display sam- 
ple of this registration fingerprint The user sees tiie fingerprint image displayed on the display 10-2 to determine 
20 Whether to change the position of the pinhole PH. 

tf tfie user sees his/her fingerprint image dis(^ayed on the display 10-2 and determines that ttie fingerprint image 
is out of position or excessively large or small, he/she determines that the po^on of the pinhole PH nust t>e changed. 
The user tfien adjusts the angular positions of the three^axis position acfjusting knobs Cx, Cy. and Cz to adjust the posi- 
tion of the pinhole plate 10-34 in the X. Y, and Z directions, i.e., the position of the pinhole PH in Uie X, Y, and Z direc- 
ts tions, through the pinhole position adjusting mechanism 1 0-35, ttiereby setting the fingerprint image on tiie disi^ay 10- 
2 to a desired position in a desired size (steps 102 to 104). 

After the position arxJ a'ze of the fingerprint image on the display 10-2 are adjusted, the user depresses the f inger- 
r»rlnt input conf imiation key 1 0-1 1 . With this operation, the control section 20-1 determines that loading of the registra- 
tion fingerprint is cortfirmed (step 105), and the image data of the confirmed registration fingerprint is filed in tiie hard 
30 disk 20-4 in conespondencewitii the ID number (step 106). 

[Collation of Fingerprints (Manual Pinhole Position Ac$usbnent)] 

In tfils fingerprint collation system, collation of the fingerprint of the user is performed as follows. Diffing tiie oper- 
as ation of the system, the user inputs an ID ruirTt>er assigned to hlm/h^ by using the ten-key pad 10-1 (step 201 in Fig. 
8), and then puts his/her finger on the upper surtece UP (fingerprint collection surface A-B) of the prism 10-33 along the 
guide 10-41 of the fingerprint input apparatus 10. With this operation, the pattern of the collected fingerprint (collation 
fingerprint) is supplied as halftone image data to tne processing section 20 in the same m^uier as in the case of the 
registifation of tiie fingerprint 

40 Upon reception Of the ID nunrtf)er through the ten-tey pad 10*1, the control section 20-1 reads out tfie image data 
of the registration fingerprint corresponcting to tfie ID number from the registration fingerprints filed ki tiie hard disk 20- 
4 (step 202). and displays it on tfie display 10-2 (step 203). 

The control section 20-1 also kiads the image data of the collation f ingerprvit from tfie fmgerpilnt input apparatus 
10 through the frame memory 20-5 (step 204), and displays it on tfie display 10-2 whOe superimposing it on thefinger- 

4S print image of the registration fingerprint (step 205). Fig. 68 shows a display sample in this case. The user sees iNs 
siperinposed state of tiie fingerprint image of the registration fingerprint and tfie fingerprint image of tfie oollabon fin- 
gerprint displayed on tfie display 10-2 to detemrune whettier to change the position of tfie f»ntiole PH. 

If the user sees the fingerprint Image of the collation fingerprint displayed on tfie display 10^ and detemnines tiiat 
this fingerprint image is out of position or eowessively large or small witti respect to tfie fingerprint image of tfte registra- 

50 tion fingerprint, he/^e determines tfiat the position of tfie pinhole PH oust be changed. The user then adjusts tiie 
ea\Qu\ac positi<»is of tfie three-axis position ad^isting knobs Cx. Cy, and Cz to adjust tfie position of tfie pinhole plaie 10- 
34 in tfie X. Y. and Z cfirections. i.e.. tfie position of tfie pinhole PH in the X. Y, and Z cfirections, through tfie pinhole posi- 
tion adjusting mechanism 10-35, thereby setting the fingerprint image of the collation fingerprint on tiie display 1 0-2 to 
a desired position in a desired size (steps 204 to 206). 

65 After the poshion and size of the fingerprint image of the collation fingerprint on tiie display 10*2 are acjfjusted, tiie 
user depresses the fingerprint input confirmation key 10-11. Witti this operation, the control section 20-1 determines 
that kjading of tfie coltation fingerprint is confirmed (step 207). The fingerprint Image of tfie confirmed collation finger- 
print is collated with the fingerprint image of tfie previously readout registration fingerprint (step 208). The collation 
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resutt is then displayed on the display 10-2 (step 209). 

In this embodiment, a blur and distortim can be greatly reduced accoiding to the above basic principle. In addition, 
the po^on and size of an iiput fingerprint image in a registration process can be set to a deared position and a desired 
size by m^ualfy adjusting the position of the pinhole PH with the tN-ee-axis position adjusting knobs Cx, Cy, and Cz. 

5 Furthernrxxe, the positional offset between the input fingerprint images in registration and ablation processes can be 
absort>ed, and tiie difference between the sizes ol the input f ingefprint images can also be coped witfi. 

Note that if a collected fingerprint image is small the area of the bad^round becomes large, resulting in a deteri- 
oration in collation precision. Such a deterioration in collation precision can be prevented by mo\nng the pinhde PH in 
the Z direction (in which the pinhole PH moves apart from the imaging plane \-J) to increase the collected fingerprint 

10 image. In addition, positioning at the time of shipment can be performed without dismantling the apparatus, and hence 
a positioning process at the time of shipment can t)e facilitated. 

In the above embodiment, the position of the pinhole PH is manually adjusted with the three-axis position adjusting 
knobs Cx, Cy, arxj Cz in registration and collation processes. This position, however, may be automatically adjusted. 
Rgs. 9 and 10 show operations to be performed in registration and collation processes when the position of the pinhole 

IS PH is automatically adjusted. 

[Registration of Fingo^print (Automatic Adjustment of Pinhole Position)] 

In Uiis case, the user inputs an ID number assigned to NnVher by u^ng ttie ten-key pad 10-1 (step 301 in Rg. 9). 

so The user then puts his/her finger on the upper surface UP (f ingeiprint collection surface A-B) of the prism 1 0-33 along 
the guide 10-41 of the fingerprint input apparatus 10. Light reflected by the pattern surface of the finger placed on the 
fingerprint collection surface A-B arvf emerging from the prism 10-33 passes through the pinhole PH arxl is formed into 
an image on ttie imaging plane l-J of the light-receiving unit 10-36. With this operation, the fingerprint portion corre- 
sponcfing to tiie groove portions becomes bright, and the fingerprint portion corresponding to the ridge portions 

2S becomes daric That is, a fingerprint image with a contrast is cdlected. The pattern of the collected f hgerprint (registra- 
tion fingerprint) is supplied as halftone nmage data to the processing section 20. 

The contiol section 20-1 loads the image data of the registration fingerprint from the fingerprint input apparahJS 10 
through the frfime memory 20-5 (step 302). The corrtrol section 20-1 ttien calculates the barycentric position of the 
loaded image data of the respstration fingerprint (step 303). In this case, the barycentric position is calculated in the fol- 

30 lowing manner. 

First of all, tiie loaded image data (Fig. 1 1 A) of the registration fingerprint is divided into n x m pixels (Fig. 1 1 B). 
That is, the loaded image data of the registration fingerprint is dmied into n pixels in the x direction and m pbcels in tiie 
y direction. Letting Ijj t>e the light intensity at the position of the ijth pixel, x- and y-coordinates xa and ya of the baryc- 
enter are obtained according to equations (1) arxf (2): 

35 

n m n m 

40 ■ n m n m 

n fn n tn n in n nt 

(xa, ya) ={(EZ''#)^(ZI <ZZ/>|V(ZSJf)} 0) 

I J i I t i II 

The control section 20-1 obtEuns the difference (xa - xs, ya - ys) between the obtained barycentric posrtion (xa. ya) 
50 and the set barycentric position (xs, ys) as a barycen^ dfference, and checks whether there is a barycentric dHTer- 
enoe (step 304). If there is a barycentric difference (barycentric difference ^ 0), tiie control section 20-1 adjusts the posi- 
tion of the pinhole PH in ttie X and Y directions through the pinhole position adjusting mechanism 10-35 so as to 
eliminate tfie barycentric difference (step 305). 

When the barycentric dffererKe is eliminated, since NO is obt^ed in step 304, the control section 20-1 causes 
55 the fkw to advance to step 306 to load tfie image data of the registration fingerprint as the image data of the re^etration 
fingerprint wtrase positions in the X arxj Y directions are conf imied (step 306). The control section 20-1 calculates the 
size of the loaded image data of the registration fingerprint (step 307). In this case, the size is c^culated in the following 
manner. 
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Rrst of all. the image data (Ftg. 12A) of the registration fingerprint whose portions in ttte X and Y Erections are 
conTtrmed is divided into n x m pixels (Fig. 12B). Tliat is, tfie loaded image data of the regstration fingerprint is divided 
into n pixels in the x direction ar»d m pixels in the y direction. Each pixel is then binarized according to its light level such 
that each portion vwlh li^t is represented by "1". and each of the remaining portions is represented by "0". TTie light 
intensity of each pixel after binarization is represented by Dy » or "1", and an area Sa is expressed by the follGwtr>g 
equation: 

ntn 

Sa = (4) 
9 

The control section 20-1 corrpares this area Sa with a set area Ss to check whether the area Sa is appropriate 
(st^ 308). If the area Sa is not appropriate (Sa * Ss), the control section 20-1 adjusts the position of the (Pinhole PH in 
Uie Z direction through the f»nhde position adjusting mechanism 1 0^ to setttie area Sa to an appropriate value (step 
309). If Sa - Ss > 0. the control section 20-1 moves the position of the pinhole PH to reduce the fingerprint image. If Sa 
- Ss < 0, the control section 20-1 nuves the position of ttie pirthole PH to enlarge the f irigerprint image. 

When the area Sa is set to an appropriate value with this operation, since YES is obtained in step 308, fiie control 
section 20-1 causes the flow to advance to step 310 to file the con-espcNTxling image data of the registration fingerprint 
as the image data of tfie registration fingerprint whose positions in the X, Y. and Z directions are confirmed in the hand 
disk 20-4 in correspondence wrtii the ID number (st^ 310). 

[CoDation of Fingerprints (Automatic Adjustment of Pinhole Position)] 

During the operation of the apparatus, tfie user irputs an ID number assigned to him/her by using the ten-key pad 
10-1 (step 401 in Fig. 10). and puts his/her finger on the ifpper surface UP (fingerprint collection surface A-B) of the 
prism 1 0-33 along the guide 1 0-41 of the fingerprint input apparatus 1 0. As in the case of the registration of the finger- 
print, the pattern of the collected fingerprint (collation fingerprinQ is supplied as h^ftone im£^e data to the processing 
section 20. 

Upon reception of tiie ID nuntfjerthrough the ten-key pad 10-1, the control section 20-1 reads out the image data 
of the registratton fingerprint corresporxling to tiie ID nunnber from the registration fingerprints filed in the hard disk 20- 
4 (step 402). TTie control section 20-1 toads the image data of the collation fingerprint from the fingerprint trput appa- 
ratus 10 through the frame memory 20^ (step 403). The control section 20-1 then calculates the barycentric position 
of the toaded image data of the collation fhgerprint in the same manner as in ttie case of the registration fingerprint 
(step 404). 

The control section 20-1 obtains the difference (xb - xs, yb - ys) between fhe csUculated barycentric positton (xb, 
yb) and ttie set barycenbic position (xs, ys) to check whether th&e is a barycentric difference (step 405). If there is a 
barycentric difference (barycentric difference * 0), the control section 20-1 adjusts the position of the pinhole PH in the 
X and Y directions through the pinhole position adjusting mechanism 1 0-35 (step 406). 

Vih&n the barycentric difference is eliminated with this operation, since NO is obtained in step 405, ttie control sec- 
tion 20-1 causes the fkw to advances to step 407 to toad the irnage data of the collation fingerprint ^ 
of a coBeiion fingerprint whose positions in the X and Y directions are confirmed (step 407). The control section 20-1 
ttien calculates ttie size of the loaded image data of the ot^lation fingerprint in the same manner as in the case of the 
regpstrafion fingerprint (step 408). 

The controt section 20-1 compares the c^cutated area Sb of the image data of the collalion fingerprint whose posi- 
tions in the X and Y cGrectione are confirmed, vnth the set area Ss to check whether the »Ba Sb is appropriate (step 
409). Ifthe area Sb is not appropriate (Sb 9^ Ss), the control section 20-1 atQusts the position of the pinhole PH in the Z 
direction through the pinhole position adjusting mechanism 10-35 to set the area Sb to an appropriate value (step 410). 
That is, if Sb - Sb > 0, the control section 20-1 moves the position of the pinhole PH to reduce tiie f ingeiprint image. If 
Sb-Ss<0, tiie control section 20-1 moves the position of the pinhole PH to enlarge the fingerprint imago. 

When tiie area Sb is set to an appropriate value with ttiis operation (Sb o Ss), since YES is obtained in step 409, 
the control section 20-1 causes tiie flow to advance to step 411 to set the fingerprint image as the fingerprint image of 
the collation fingerprint whose positions in the X, Y, and Z directions are confirmed, and collate tiie ftigeiprint image of 
the coOation fingerprint with the previously readout fingerprint image of the registration fingerprint (step 41 1). The con- 
trol section 20-1 displays this collation result on the display 10-2 (step 412). 

Afthough position adjustment tn the Z direction is perlonned after position adjustment in tiie X and Y directions 
according to the ftow chart shown in Figs. 9 and 10. position adjustment in tiie X and Y directions may be performed 
after position acQustment in tiie Z direction. 

Furthermore, according to the principle of tiie above emtxxfiment the optica fingerprint collection surface A'-B' is 
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set to be parallel to the imaging plane This operation is based on the assumption that tiiere is no distortion between 
ttie fingerprint collection surface A-B and the opticd fingerprint collection surface A'-B'. Distortion, however, may be 
caused between the fingerprint cdlection surface A-B and the optical fingerprint collection surface A'-B' dep«xfing on 
the portions and angles of the fingerprint collection surface A-B and a prism surface R-S (Fig. 1 B). 

5 In the optical system shewn in Rg. 1 3A, if , for example, points P-i to P7 set at equal intervals on the fingerprint ool- 
tection surface A-B are matched with pcunts P^' to P7' on the optical fingerprint collection surface A'-B', the points P{ to 
P7' on the optica] fingerprint collection surface A'-B' are not set at equal int^^s, and distortion occurs. In this case, 
even if the optical fingerprint collection surface A*-B' is set to be p^lel to the imaging plane l-J, only the distortion 
caused on the optical fingerprint collection surbce A'-B' c^not be eliminated. 

10 For this reason, in such a case, i.e., when tiie optical fingerprint collection surfece A'-B' has distortion with respect 
to the fingerprint collection surface A-6, the imaging plane l-J is rotated about a point PO through a predetermined 
angle to set an imaging plane U-T (see Rg. 13A) so as to eliminate tiie distortion of tiie optical fingerprint collection sur- 
face A'-B'. With this operation, as etxMm in Rg. 1 3C, the distortion caused on the fingerprint collection surface A-B can 
be greatiy reduced. 

IS In the above embodiment since the optical fingerprint collection sur^ce A'-B' is a curved surface, it is difficult to 
perfectly eliminate Ks distortion. VfiVn the arrangement shown in Rg. 14, however, tiie distortion can t>e perfectly elimi- 
rrated. 

A second prism 4 is placed in front of the imaging plane l-J. The fingerprint collection surface A-B of the frrst prism 
1 is set to be parallel to the ima^ng plane KJ, and the fingerprint collection sur^ce A-B of the first prism 1 is set to t>e 
20 parallel to a surface L-M of the second prism 4 on the imaging plane &id& An exit surface C-D of the first prism 1 with 
respect to the pinhc^e PH is set to be parallel to an inddent surface K-M of the second prism 4 with respect to the pin- 
hole PH. In tiiis case, the surface L-M of tiie second prism 4 is placed above the imaging plane l-J. 

With this arrangement, the optical system on tiie first prism 1 side is set to be similar to the optical system on ttie 
second prism 4 side wrtti tiie pinhole PH Qsoirrt O) being the center, thereby perfectly eliminating the distortion. That is, 
25 the t)lur and the distortion can be eliminated at once, f^e that some deviations are allowed for the parall^isms 
between the fingerprint collection surface A-B and the imaging pl^e M, between the fingerprint collection surface A-B 
and siRface L-M, between tfie eidt surface C-D and the incident surface K-M. 

In tile above embodiment, a triangular prism is used as the prism 1 (10-33). However, a rectangular prism 1* (10- 
33*) like the one shown in Fig. 1 5 may be used. Various other types of prisms may be used. Note that tfie diffusion fAate 
30 1 0-32 may be nrxxinted on the prism 1 ' (1 0-33^ side, as indicated by the dotted line. 

Note tiiat the prism is defined as an optica el^nent having two or more flat surfaces and using refraction soTti reflec- 
tion of light. The functions of ttie prism are defined as functions ^ to (3> ^ follows. 

Q) One or more reflection functions are combined into one block, arxf deflection and movement of optical patits are 
35 realized within a compact arrangement 

0 The (f rection of light is changed or tiie drection (azimutii) of an image is acQusted by using refraction of Dght 
<S> The spectrum of light is analyzed by using dispersion of an optical material. 

In the above embodiment, the tot^ reflection mettvxl is used for the fingerprint input section 10-3. Even if the opti- 
40 cal separation nrKtix)d is used, however, the sanm operations descriKd above can be applied 

ment It cannot be said that one of the total reflection method and the optical path s^rationnrtetiKxJte 
other. 

[EmbocSment 2: Eghtii Aspect] 

45 ■ 

In Embodiment 1 (see Rg. 1 A), the diameter of the pinhc^e PH must be decreased to some degree to increase tiie 
resolution of a f Bngerprint image. F=br this reason, tfre Gght intensity of a fingerprint image formed on the imaging plane 
N deaeases. To compensate for tiiis. the intensity of li^ from a li{^ source which is irradiated on the fingerprint col- 
lection surface A-B must be increased. As a result the service life of the light source itseff is shortened bec^jse of the 

so heal generated by the light source, or the fight transntittedttirough the prism 1 ts too bright for tiie user, thus p^ 

probtems. To solve such problenrts, a near infrared tight-«mitting diode may be used as a Ggfit source. In ttits case, 
aHhough glaring can be suppressed, Ihe problem of the generation of heat cannot be solved. 

The present applied therefore, has proposed an arrangement In which a lens 5-2 is placed near tiie rear surface 
of a pinhole plate 5-1, as shown in Rg. 17, to inaease the light intensity of a fingerprint image formed on an imaging 

55 pAane &3 without increasing the intensity of light from a fight source 6. tn ttiis arrangement when a straight line con- * 
necting the center of a fingerprint collection surface 1-1 arxJ the center of the imaging plane 5-3 is an optical axis, tiie 
centtal axis of the lens 5-2 is made to coincide with the optical axis. In addition, since a blur occurs owing to the lens 5- 
2, the inclination of the imaging plane 5-3 with respect to the optical axis is accurst ed to prevent the kilur. Referring to Fig. 
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17. reference numeral 1 -2 denotes a Wack coating (or light-shieWing plate) formed on the left-side surface of a prism 1 . 

In this anrangement, however, trapezoidal distortion occurs at the imaging plane 5-3. More specifically, H ah object 
in the form of a square latUce, like the one shown in Fig. 18A, is placed on the fingerprint collection surface 1-1 . the 
resultant image on ttie imaging plane 5^ has trapezoidal distortion like the one shown in Fig. 1 8B. Refening to Fig. 19. 

5 letting A-B be the fingerprint collection surface. O be the center of the (Mnhde. a-b be the imaging plane. X be an artji- 
tray point on the fingerprint collection surface A-B, uid x be the point at wtuch tfie point X is prpjected on the imaging 
plane a-b. an image magnification m at the point x is given by m » Ox/OX , That is, the image magnification is deter- 
mined by ttie ratio of a line segment Ox to a line segment OX. In this case, since a triangle OAB is not similar to a tri- 
angle Oab, and a line segment OA is shorter than a line segment OB, the image on the point A side becomes large. 

10 whereas the image on the pdnt B side becomes small. This trapezddal distortion increases as the ratio of OA : OB 
increases. As the size of the f tngerprirrt input apparaftis decreases, ttie distance between the f irigerprint collection sur- 
face and ttie lens must be deaeased. If tiiis distance is decreased, the ratio of OA : OB increases, resulting in greater 
trapezoidal distorti<Mi. 

In ErnbocBment 2, therefcwe, the tight intensity of a fingeiprint image formed on the imaging plane 5-3 can t>e 
IS increased without increasing tiie light intercity of the light source 6, and the occurrence of trapezoidal distortion is - 
greatiy oppressed under the condition in wtrich a blur is suppressed, thereby obtaining a high-quality fingerprint image. 

lErrtjodiment 2-1 : Barrel Distortion] 

20 Fig. 20A shows the main part of a f ingefprtnt input apparatus accoiding to the present invention (Embodiment 2-1 ). 
In ttiis embodiment, a tens having ban-el distortion (negative distortion) is used as a lens 5-2- A central axis LC of the 
lens 5-2 is inclined. l>y 61 , to tiie B point side on ttie fingerprint collection surface A-B side witti respect to an optical axis 
LO (a straight tine connecting a center Xq of a fingerprint collection surface A-B and a center Xq of an imaging plane a- 
b). In addition, to prevent a Wur, the inclination of the imaging plane a-b with respect to tiie optical axis LO is adjusted. 

25 With this operation, trapezoidal distortion (see Rg. 21 A) caused when light from the fingerprint collection surface 
A-B passes ttirough a region on the lens ans indicated by the hatching in Fig. 21 B, and a central a»s LC of tiie fens 5- 
2 is made to coincide writh the optical eods LO is conrected by the banel distortion uruque to the lens 5-2, and an image 
of the finger placed on the fingerprint collection surface A-B is formed on the imaging plane a-b while the trapezoidat 
distortion is greatly suppressed. 

30 In this case, since tiro ligtrt intensity of a fingerprint image formed on tiie imagir»g plane a-b by the tens 5-2 is 
increased, ttie intenaty of light from a fight sCHirce 6 need not be increased, thereby preventing shortening of tiie service 
life of the tight source 6 due to tfie generation of heat and glaring of light transmitted ttirough a prism 1 . Fiffthermore, a 
t}lur is suppressed by adjusting the inclination of the imaging plane a-b with respect to the optical aids LO, and trape- 
zodat (fistortion under the condition in wfvch tiiis blur is suppressed ts siqapressed by inclining this central bx» LC of 

35 the lens 5-2 by ei witii respect to the optical axis LO, thereby obtaining a high-quality fingerprint image 

[Ennbocfiment 2-2: Pincushion Distortion] 

Fig. 20B shows ttie main part a fingerprint input apparatus according to the present invention (Embodiment 2-2). 

40 In this entxxSntent. a lens having ptncusNon distortion (positive distortion) Is used as a lens 

the lens 5-2 is inclined, by 02, to tiie point A side on a fingerprint collection surface A-B witti respect to an optical axis 
LO. In addition, to prevent a blur, the inclination of an imaging plane a-b is ad[iusted witti respect to tne optical axis LO. 

Witti ttits operation. trapezc»dal distortion (see Fig. 22B) caused when light from tfie fingerprint collection surface 
A-B passes through a region on the lens axis indicated by ttie hatching in F»g. 22B. and a central axis LC of ttie lens 5- 

45 2 is made to coincide witti ttie optical axis LO is corrected by the pincushnon (Sstortion unique to the lens 5^ and an 
image of the finger placed on ttie fingerprint collection surface A-B is formed on tiie imaging plane a-b white ttie trape- 
zddal distortion is neatly suppressed. 

In tttts case, since ttie light intensity of a fingerprint image formed on ttie imaging plane a-b by ttie lens 5-2 is 
increased, ttie intensity of Dght from a light source 6 need not be increased, thereby preventing shortening of ttie sennce 

so life of ttie tight source 6 due to the generation of heat and glaring of light transmitted ttirough a prism 1 , Furthermore, a 
blur is suppressed by adjusting the irtcGnation of the imaging plane a-b witti respect to ttie optical axis LO. and trape- 
zoidat (fistortion under the condition in wNc^ this blur is si^pressed is suppressed by inclining ttie central axis LC of 
the lens 5-2 02 witti respect to ttie optical axis LO, thereby obt^ning a high-quality fingerprint image. 

As described dbove, there are two types of (fistortion, i.a, barrel distortion and pincushion cBstortion. The method 

65 of conecting trapezoidal distortion is equal in effect to ttie mettKXf of correcting trapezoidal distortion by using pincush- 
ion distortion; it carmbt t>e said that one of ttie methods is superior to the other. In tfus embodiment, the pinfiole serves 
to increase the degree of freedom in design. That is, since tfie pinhole is formed in front of the lens, ttie depth of focus 
of ttie lens increases, and a tolerance can be ensured for ttie angle defined t)y the imaging plane and tiie optical axis 
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that causes no l^lur. ther^ satisfactorily increasing the degree of freedom in design. 

In this emtxxJiment. the optical system of the f ingecprim input apparatus is designed as folkjws: 

0 The prism rs positioned. 

0 The angle of the optical axis and a distance therefrom are detemiined. 

(3) A lens is selected (the shape, focal length, and the tike of a lens), and the lens is positioned on the optical axis. 
®. A pinhole is selected (the diameter, depth of focus, and the like of a pinhole), and is positioned. 
(S) While the inclination angle of the imaging plane with respect to the optical axis is changed so as not to cause a 
Wur, operations and ® are repeated, thereby selecting a lens, positioning the lens, selecting a pinhole, and 
positioning the (Mnhole. 

© An angle at which trapezoidal distortion is minimized is determined by changing the lens angle. Note that since 
a blur may occur on the imaging plane when the lens angle is changed, the position of the pinhole is adjusted to 
prevent the blur. 

[Embodiment 3: Nintti to 1 5th Aspects] 

Prior to a description of the ninth to 15th aspects of ttie present invention, the techniques on wHch these aspects 
are based wPl be desaibed. A fingerprint input apparatus includes an optical system as a constituent, and a reduction 
in ttie size of the apparatus is required in conskJeration of the installation place, operability. and the like. The size of this 
fingerprint input apparatus can be eKectively reduced by fomiing an optical system accordng to the optical path sepa- 
ratkKi method and placing a light source and a prism dose to each other. 

Fig. 23 shows the main part of a conventional fingerprint input apparatus using the optical path separation method. 
Referring to Fig. 23. reference numeral 1 denotes a prism: 3. a light-receiving unit; and 6. a light source. The light 
source 6 is placed on the right side of the lower surface side of «ie prism 1. A black coating (or light-shiekJing plate) 1- 
2 Is formed on the left-sWe surface of the prism 1 to irradiate light from the Ught source 6 on a fingerprint collection sur- 
face 1-1 through the prism 1 . In ttiis arrangement, fight from the light source 6 is reflected by the pattern surface of a 
finger placed on the fingerprint collection surface 1-1 and emerges from the prism 1 to be fanned into an image on an 
imaging plane (CCD) 3-2 through a lens 3-1. With the use of the optical separation method, the size of the fingerprint 
input apparatus can be reduced. 

Rg. 24 shows the main part of a fingerprint input apparatus using the total reflection method. In this fingerjmnt input 
apparatixs. a light source 6 is placed on the left sWe of the kiwer surface skJe of a prism 1 . and light from the light source 
6 is Inadiated on a fingerprint collection surface 1 -1 ttirough a diffuskxi ptate 7 and the prism 1 . In this arrangement, as 
is apparent from conpapson with Rg. 23. since the Epace lor the light source 6 must be ensured on the left side of the 
lower surface side of the prism 1 (at the opposrte position to the Bght-recehring unit 3). a reduction in the size of the 
a^^iaratus is Rrrvted. 

In contrast to this, the fingerprint input apparatus using the optical path separation method has an advantage m 
terms of a reduction in size. If. however, ttie light source 6 and the prism 1 are brought dose to each other to further 
reduce the size, the incident angle on the illuminatwn light inddenl surtace of the prism 1 increases, and light is 
refracted and diffused. As a result the fingerprint coHection suttace 1-1 of the prism 1 partfy deaeases *m aiuminance. 

leading to illuminance irregularity. , , 

lytore specificaDy. as shown in Fig. 25. when the position of the DgW source 6 is a point O near the prism 1. the ina- 

denl angle of light from the light source 6 with respect to a prism surface (iHumtnation light inckJent surface) B-E 

increases with distance. As a resi*. the diffusfon angle of Bght due to refraction increases, and the ffluminance 

decreases toward a point B skJe on a prism surface (fingerprint odiection surface) A-B. 

The collation predsicn of a fingerprint collation system greatly depends on whether a fingerprint image can be 

property input To property irT»ut a fingerprint image, uniform iPuminance must be enstred throughout the fingerprint 

coflectton surface 1-1 of the prism 1. and aiuminance irregularity must be prevented. If Pluninance irregularity occurs 

on the fingerprint collection surface 1 -1 . the quality of an obtained fingerprint image deteriorates, and the odtetion pre- 

ciskm deteriorates. 

In Embodiments, therefore, the light source 6 and Vne prism 1 are pfaced dose to each other to attain a reduction 
in size wrttwut causing any ifluminance in^egularfty on the fingerprint collection surface 1 -1 . That is, both a reduction in 
the size of the apparatus and an improvement in ttie quality of a fingerprint image are atl^ed at once. 

[Embocfiment 3-1 : Ninth. 10th. and 1 1th Aspects] 

Fig. 26 shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 3-1). 
The same reference numerals in Fig. 26 denote the same parts as In Rg. 23, and a description thereof will be omitted. 
In this entKxSment, a cut surface 1-3 is fc)rmed at a distance from the vertex (a pdnt E in Fig. 23) of a prism 1 which 
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opposes a fingerprint collection surface 1-1 . A light source 6 is placed to oppose the cut surface 1-3 of the prism I.YM) 
this arrangement, light from the tight source 6 enters the prism 1 through the cut surface 1 -3 to be irradiated on the fin- 
gerprint collection surface 1 -1 with an almost uniform diffusion angle. As a result, an alimst uniform Dluminance can be 
obtained on the fingerprint collection surfece 1 '1 . 
5 In this embodiment, the cut surface 1-3 is formed under conditions (D, 0, and <3t below: 

(3) Tlie imaging optical path from the fingerprint collection surface 1-1 to an Imaging plane 3-2 should not be 
obstructed; 

(g> An image of tie light source 6 should not be projected on the imaging plane 3-2; and 
10 (3) Light from the light source 6 should not be totally reflected by the fingerprint collection surface 1 -1 . 

[Condition (J)] 

Rg. 27 shows a region satisfying condition ® , which is indicated by hatching. Referring to Fig. 27, if the region of 
IS the fingerprint collection surface 1-1 (A-B) is projected on the imaging plane 3-2 (a-b). light emerging from a point A is 
incident on the imaging plane 3-2 through the optical path "A -> a ^ Oi -> a". Light errrorg^ng from a point B is irxxtent 
on the imaging plane 3-2 through the optical path "B Oi -> b". The hatched region located under a plane A-a in Rg. 
27 is a region, in the prism 1 , which does not obstruct the imaging optical path from the fingerprint collection surface 1 - 
1 to the imaging plane 3-2. If the imaging optical patti from tiie fingerprint collection surface 1-1 to the imaging plane 3- 
20 2 is obstructed, a fingerprint image on tfie imaging ft&ne 3-2 deteriorates, resulting in a deterioration in collation preci- 
sion. 

[Condition 0] 

25 According to Fresnel's formulas, light is reflected by the interface between media having different refractive indexes. 
Letting n1 and n2 be the refractive indexes of the media, a reflectance R in the case of yertic^ incidence is given by 
R = [(n1 - n2)/(n1 + n2)]^ . tf the refractive index n1 is the refractive index of air (nl = 1.0), and the refractive index n2 
is tfie refractive index of glass used for the prism (n2 « 1.5), 4% of tight is reflected according to the above equation. As 
is obvious from tiiis, when light from the light source 6 is tnddait on the prism 1 , the light is reflected by the rngerprint 

30 collection surface 1-1 owing to the position of the light source 6, and an image of the light source 6 is projected on the 
imaging plane 3-2. As a result a fingerprint image on the ima^ng plane 3-2 deteriorates, leading to a deterioration in 
cottation predsion. 

In the case shown in Tig. 28, for example, the condition in which an image of the ligfrt source 6 is not projected on 
the ima^ng plane 3-2 is that the light source 6 is located in the hatched region under a straight Rne extending from a 
35 point Bto a point O. Letting p be the angle defined by points A, B, and E of the prism 1, y be the inctdent angle of light 
from a point O to a point B with respect to a surface A-B, and e be the angle at which light reflected at the point B is 
refracted on a surface B-E of the prism and emerges to an end point b of the imaging F^e 3-2. a reflected image of 
the fight source 6 is not projected on the imaging plane 3-2 as long as the ligtit source 6 is located at a position within 
tf>e rangeof \|r ^ P -S)n'^(a'ne/n2) (the hatched region in Fig. 28). 

40 

[Condition <3>] 

In the case shown in Fig. 29, when light is inddent from the n2 side of nl < n2 at the incident angle all the incident 
light is reflected when incident angle satisfies stny 2 n2/h1 . This phenomenon is called total reflection. Even if the tight 

45 source 6 is at a position vvhere total reflection occurs, no Infbence IS tiieoretically exerted on a ftngerpr^ 

ima^ng fAane 3-2 as long as condition <g) is satisfied. However, since light from tight source 6 is totally rtf lected, stray 
light may become a flare or the like and affect a fingerprint image. When the ligtit source 6 is to be placed to oppose 
the cut surface 1-3, ttie condition for the cut surface 1-3 is that Gght from the light source 6 is not totafly reflected by the 
fingerprint collection surface 1-1 regardless of the position of the light source 6. Note that condition (3) is not an abso- 

50 tutely necessary condition, and the cut surface 1 -3 may be formed under conditions 0 and (g> alone. 

[Embodiment 3-2: 12tii Aspect] 

In Embodiment 3-1. when at least conditions (]) and 0 are to be satisfied, the cut surface 1-3 decreases in size, 
55 arKl the fight source 6 may not be positioned. In this case, as shown in Ftg. 30. an inclined surface may t>e formed as a 
cut surface 1-3 to inaease its size, as shown in Fig. 30. In this case, however, the cut surface 1 -3 is excessively inclined 
witfi respect to a fingerprint collection surface 1 -1 . As a result the fingerprint collection surface 1 -1 cannot be uniformly 
illuminated. Tfiat is, the left end of tiie fingerprint collection surface 1-1 is mainly illuminated by a lightt source 6, and 
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hence the fingerprint codection surface 1 -1 cannot be unrtormly illuminated. 

In contrast to this, if the distance from the vertex of the prism which opposes the fingerprint coHecb'on surface 1 -1 
and at which the cut surfece 1 -3 is formed is increased, as ^Kwn in Fig. 31 . condition Q) rs satisfied, but <2) is not sat- 
isfied (reflection corKlition based on Resnel's formulas). That is, a region C-F on the cut surface 1 -3 t^ecomes a region 
which does not satisfy condition <2>. In this emtodiment, therefore, a black coating (or light-shielding plate} 1-2 is 
formed on the area C-F which does not satisfy condition ®. 

In the case shown in Rg. 31 . if the light source 6 is placed at a region, on the cut surface 1 -3, which satisfies con- 
dition any light shield may not be required for the region which does not satisfy condition (g). As shown in Rg. 32A, 
however, if a wall 8 is provided to prevent disturttance light from entering the optical system, stray Rght propagating from 
the light source 6 to tfie wait 8 may be incident on an imaging plane 3-2 through the optical path -> H I -> J". In 
contrast to this, if light shielding is provided for the region C-F which does not satisfy condition (2>. as shown in Rg. 32B. 
the region C-F is shielded against stray light emitted from the lig^ source 6 and reflected by the w^l 8. and no stray 
light is incident on tfie imaging plane 3-2. 

[Ennbodiment 3-3: 13th Aspect] 

In Embodinnent 3-1 . the cut surface 1 -3 of the prism 1 is flat In this case, light from the light source 6 is refracted 
by ttie cut surface 1 -3. and the cfirectiwty increases. Strictly speaking, therefore, the peripheral portion of the fingerprint 
collection surface 1 -1 becomes darker than the cen^l portion. 

In Embodiment 3-3. therefore, a cut surface 1-3 is formed into a concave suri^ce. as shown in Rg. 33A. The cur- 
vature of this concave surface is matched with the directivity of a light source 6 so as to unrfomrdy Oluminate tiie ftnger- 
print collection surface 1 -1 . 

[Ennbodiment 3-4: 14th Aspect] 

In Embodinnent 3-3. the cut surface 1-3 of the prism 1 is formed into a concave suriiace. In practice, however, even 
if the fingerprint collection surface 1-1 is illuminated writh uniform intensity, a fingerprint image wfth uniform light intensity 
cannot be obtained on the imaging plane 3-2 because of vignetting on the lens 3-1 and the Ptke or a tight amount sen- 
siti\rity difference caused when the imaging pl^e (CCD) 3-2 is inclined with respect to the opttoal axis. 

In Embodiment 3-4, therefore, the outer periphery of a concave cut surface 1 -3 is formed into a convex surfece. as 
shown in Rg. 33B. With tills structure, light from a light source 6 ts diffused by a concave stffface 1-3a of the central 
portion of the cut surface 1 -3. focused by a convex surface 1 -3b of the outer petiphery of the cut surface 1 -3, and trFa- 
dialed on a fingerprint collection surface 1 -1 , thereby compensating ttie light intensity distrbution on an imaging plane 

3-a 

[Embodim^ 3-5: IStii Aspect] 

In each of Embodiments 3-1 to 3-4. the cut surface 1 •s is formed on the prism 1 to improve DIumination tnregularity 
on the fingerprint collection surface 1 -1 . In contrast to this, in Embodiment 3-5. as shown in Rg. 34A, a light source 6 
is placed ctose to a prism surface B-E through a matehing member 9 having a high refractive index. No cut surface 103 
is fornied on a prism 1 . VVrtii this structure, a ^ht beam is not refracted by the prism surface B-E, and light 
sources can be irradiated on a ringerprint conection surface 1-1 with ttie difhi^ angle being kept almost uniform 

As a material for ttie matching memba- 9. a refractive index matcNng solution is known. (However, a material other 
than tNs solution. e.g., an epoxy-based adhesive, may be used as tong as ttie difference between ttie refractive indexes 
of the prism 1 and ttie material does not ff^eatiy influence the unrfornvty of illumination on the fngerprint conection sur- 
face 1-1. 

In additkxi. as shown in Rg. 34B, a cut surf&oe 1-3 may be fomied on the prism 1. and the fight source 6 may be 
ji^ced dose to ttie cut surface 1-3 through ttie matching memt>er 9. 

In Embodiment 3-5, a high-quality fhgerprint image can be obtained with a compact apparatus, and the following 
additional effect can also be obtaned. Since heat generated by ttie light source 6 is radiated onto the prism 1 through 
ttie matching memt>er 9. perspiration of ttie finger is stimulated. As a resuH. a dear fingerprint image can be obtained. 

[Embodiment 4: IGtti to 18tti Aspects] 

Prior to a description of the 16tti to 18ttt aspects of ttie present invention, the techniques on wNdi ttiese aspects 
are based will be described. A fingerprint input apparatus rndudes an optical system as a constituent, and a reduction 
in the size of ttie apparatos is required in consideratton of the installation place, operabitity, and the like. To realize such 
a compact f bigerprint input apparatus, a surface-mounting type LED ts often used as a light source. 
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Rg. 35 shows the main part c* a conventional fingerprint input apparatus. Referring to Rg. 35. reference numeral 
6 denotes a light source (LED); 1 1 , a substrate having a front surface 11 F on which the LED 6 is mounted; 1 , a prism; 
and 3, a light-receiving unit This apparatus uses the optical path separation method. The substrate 1 1 having the LED 
6 mounted thereon is placed on the right side of the tower surface side of the prism 1. and a black coating (or light- 
shieWing plate) 1 -2 is formed on ttie left-side surface of the prism 1 . With this arrangement, fight from the LED 6 is irra- 
diated on the a fingerprint collection surface A-B through the prism 1 . In this arrangement light reflected by the pattem 
surface of a finger placed on the fingerprint collection surface A-B and emerging from the prism 1 is formed into an 
image on an imaging plane (CCD) 3-2 through a fens 3-1 of the light-receiving unit 3. 

In this fingerprint ir^Hit apparatus, however, a large anxMjnt of light teaks on the side and rear surteces of the LED 
6. That is, since light from the side and rear siriaces of the LED 6 is not incident on the prism 1 , the illumination effi- 
ciency for the fingerprint collection surface A-B is poor. The collation precision of a fingerprint collation system greatly 
d^ends on whether a fingerprint image can be property input. If, therefore, the illuminatfon efficiency for the fingerprint 
collection surface A-B deteriorates, the quality of a fingerprint image deteriorates, resulting in a deterioration in collation 
precision. 

In addition, light which is transmitted through the side surfaces of the LED 6 and the substrate 1 1 and leaks out 
from a rear surface 11 R becomes stray light, which then enters, as noise, a fingerprint image formed on the CCD 3-2. 
As a result the quality of the fingerprint image deteriorates, and tiie collation predsioo deteriorates. 

fMote that a rrflecting minor 1 2 like the one indicated by the dotted lines in Rg. 35 nray be placed on the rear surface 
side of the sufcstrate 1 1 to cause light transmitted through the side surfaces of the LED 6 and the substrate 1 1 and leak- 
ing out from the rear surface 11R to be incident on theprisml. In this method, however, the number of parts increases, 
leading to an increase in cost and interfering with a reduction in size. In this case, since fight transmrttM through the 
substrate 1 1 and leaking out from the rear surface 1 1 R is transmitted through the sii)strate 1 1 and incident on the prism 
1 . i.e., the light passes through the substrate 1 1 twice, the Dght intensity decreases. 

In Embo(£ment 4. therefore, a high-quality fingerprint image is obt^ned at a tow cost without interfering with a 
reduction in size. 

Fig. 36 shows the main part of afingerprint input apparatus according to the present invention. The same reference 
numerals in Rg. 36 denote flie same parts as in Rg. 35, and a description thoreof will be omitted. 

{Embodiment 4-1 : 1 6th Aspect] 

In Embodiment 4-1. a film (reflecting film) 1 M having a high reflectance is formed on a front surface 1 1 F of a sub- 
strate 11. i.e., the front surface 1 1F of the substrate 1 1 on which an LED 6 is mounted. 

Rgs. 37A and 378 show how the reflecting film 1 1-1 is fornned on the substrate 1 1. Power stpply electrode pads 
PA and PB and LED electrode pads PI,. Pig. P2i, P22. P3i. P3a. P4i, P42. P5i. PSg. P6i. and P62 are formed on the 
front surface 11F of the sitetrate 11 by etching a metal film. The reftecting film 11-1 is formed on the entire region of 
the substrate except for the portions where these ^ectrode pads are formed. 

A coating method, a printing method, or the like may be used to form the reflecting surface 11-1. In tWs embodi- 
ment, the reflecting film 11-1 is formed on the front surface IIFof the substrate 11 by a screen printing method using 
a white coating material. Since the reflectance of the white coating material for screen printing is 80%. light can be effi- 
dentiy reflected. In addition, since flie white coating material diffusesfreflects light a utitorm light inter*sily distribctfon 
with Btde directivity can be realized. Furthermore, element nurrtwrs and the like are printed on the substrate 11 by 
screen printing, and the reflecting film 11-1 can be formed in the same process as this priming process, this method is 
advantageous in terms of cost 

As shown in Rgs. 38A and 38B. after the reflecting film 11-1 is tomied on the substrate 11. an LED 6-1 is connected 
to the LED pads PI , and Pig through sdder portkxis F. an LED 6-2 is connected to the LEDs P2| and P22 through 
solder portions F, an LED 6-3 is connected to the LED pads P3i and PSg tiwough sokJer portions F. an LED 64 is con- 
nected to the LED pads and P42 through solder portions F, an LED 6-5 Is connected to the LED pads P5i and PSg 
through sotder portions F, and an LED 6-6 is connected to the l£D pads P6^ and PG2 through soMer portions F 

With t«s structure, light leaking from the side and rear surfaces of the LEDs 6-1 to 6-6 is reflected by the reflecting 
fnm 11-1 of the front surface IIFof the substrate 11 and incklenl on a prism 3. As a result the illuminatioo effka'ency 
for the fingerprint coltectfon surface A-B improves, and the cdfation precision at a fow cost wtttwut interfering wHh a 
reduction in size. 

[Embodiment 4-2: 1 7th Aspect] 

In Embodiment 4-2, a film (light-shielding fHm) 11-1' for shiekiing light is formed on a front surface 1 1F of a sub- 
strate 1 1 on which an LED 6 is mounted. 

In this embodiment as in Embodiment 1. the light-shi^ing film 1 1-1' is formed by screen printing. Note, however. 
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that a black coating material for screen printing is used for the light-shieldtng film 11-1'. Since the light-shielding film 1 1 - 
1 ' is blacK light is absorbed into the coating material, thus preventing the light fron passing through a rear surface 1 1 R 
of tf)esut>strate 11. 

With this structure, light tealdng from the side and rear surfaces of LEDs 6-1 to 6-6 is shielded by the Itght-shieldrng 
5 f ilm 1 1 -r of tfie front surface 1 1 F of the sut>strate 1 1 to prevent Uie light from pass through the substrate 1 1 and leaking 
from the reair surface 1 1 R. As a result, the amount of stray light entering, as noise, af Ingerprint image forrT>ed on a CCD 
3-2 decreases, and the quality of the fingerprint image improves.* The coDation precision can therefore be improved at 
a kw cost without mterfering with a reduction in size. 

Similar to the reflecting film 1 1-1 , the light-shielding film 1 1 -1 ' is formed on the entire region ol the sutjstrate except 
10 for the portions where electrode pads P are formed. If. ho*ie/&, the print portion overiaps the pad portions to such an 
extent ttrat no influence is exerted on lx)Ocfing of the LEDs 6-1 to 6-6, leakage of fight can be prevented rriore effectively. 
That is, the tight-shielding characteristics improve. 

[Embodiment 4-3: 18th Aspect] 

IS 

In Embodiment 4-3, a f am (reflecting/light-shieWing film) 11-1" having a high reflectance and serving to shield light 
is formed on a front surface 11 F of a sii^strate 11 on which an LED 6 is mounted. 

In this embodiment as in Embodiment 1 . the reflecting/light-shielding film 11 -1" is formed by screen printing. Note, 
however, that a wfvte coating material for screen printirig is used for the rellecting^ight-shi^ng film 11-1". and the film 
20 is formed thuk. Since the wiiat& coating material is printed thick, light is diffused^eflected by the front surface 1 1 F d the 
substrate 1 1 . Although the absortsance of tiie white coating materisd is fow. a larger amount of Bght can be absorbed 
wrtti an increase in the thidoiess of ttie film. Even a white coating material can sfvekJ fight depending on the film thek- 
ness. 

With this structure, light leaking from the side and rear surfaces of LEDs 6-1 to 6-6 is reflected by the reflect- 
2S ing/light-shielding film 1 1-1" on the front surface 1 IF of the substrate 1 1 to be incident on a prism 1. As a result the 
iDuntinatfon effksency fa a fingerprint collection surface A-B improves, and the collation precision improves. In additfon, 
light leaking from tiie side and rear surfaces of the LEDs 6-1 to 6-6 is shieUed by the r^lecting/light-shietding film 11 - 
1 " on ttie front surfece 1 1 F of the substrate 1 1 to prevent the fight from passing through the substrate 1 1 and leaking 
out from a rear surface 1 1 R of the substrate. As a result, the amount of stray light entering, as noise, a fingerprint image 
30 formed on a CCD 3-2 decreases, and the quality of the fingerprint image improves, thus improving the collation preci- 
sion. 

tn Embodiment 4-3, as in Ennbodiment 4-2. if the print portion overiaps the pad portions to such an extent that no 
infhience is exerted on bonding of the LEDs 6-1 to 6-6, leateige of light can be prevented more effectively, and the fight- 
shielding characteristics improve 

35 

[Embodiment 4-4: 18th Aspect] 

In Embodiment 4-3. the reflecting/light-GNelding film 11-1" is formed by saeen printing. In contrast to this, in 
Embodimem 4-4, a reflecting/ligM-shieMing f 2m 1 1 -1" is fomied by using a metal film. 
40 In this case, when electrode pads PA, PB, Pl^. PI2 to P6v and PGz are to be formed on atront surface 11F of a 
substrate 11 by etching, gaps are ensu^ed around the respective electrode pads P, and a metal film Is left outside the 
gaps (see Rg. 39A). This left metaJ film is the reflecting/Ught-^elding f Om 1 1 'I". 

The surface of the metal film reflect light eTidentfy. tn additfon. since light is not transmitted through the film, a Gght- 
shiekiing effect can be ensured. In Ennbodiment 4-4 using the metal film as the reiflecting/llght-^hiekftng film 11 -1 the 
45 same effects as tfxxse of Embodiment 4-3 can be obtained. 

Referring to Rg. 39A, relatively thfok white coatings are formed on gaps Q (OA, QB, G1,. Ql2 to G61. and G62) 
ensured around the respective pads P by screen printing. With these coatings, the respective pads P can be reliably 
insulated from each other, and the fight-shielding characteristics can be inrprcved. 

50 [Embodiment 4-5: 16th to 18th Aspects] 

In Embodiments 4-1 to 4-4 described €dtxve, the present invention is applied to the fingerprint input apparatuses 
u^ng the optical separation method. However, the present invention can also be appfied to fingerprint input appara- 
tuses using the total reflection method As shown in Fig. 40. a fingerprint ir^ apparatus using the totsd reflection 
55 method is designed such that a substrate 11 having an LED 6 mounted thereon is pteced on the left ^e of the lower 
suHace skle of a prism 1 . and li^ from the LED 6 is irradiated on a fingerprint collection surface A-8 through a diffusfon 
plate 7 and the prism 1 . In this arrangement a reflecting film 1 1 -1 , a light-shieUing fPm 1 1 -1 '. or a reflecting/light-shield- 
ing film 11-1" is formed on a front surface 11 F of the eut>strate 11 ha\nngthe LED 6 mounted thereon in the sanw man- 
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ner as in the case of the fingerprint input apparatuses using the opticat separaSon method. 

[Embodiment 5: 19th to 24th Aspects] 

Prior to a description of the 1 9(h to 241h aspects of the present invention, the techniques on which these aspects 
are based will be described. The collation precision of a fingerprint collation system greatly depends on whether a fin- 
gerprint image can be properly input For example, di^ibances affecting a fingerprint image input operation include 
dust and the like adhering to an optical system including a prism and a lens and distutt>ance light entering the imaging 
plane of a CCD. If dtsturt>ance light enters the imaging plane, a fingerprint image is made dim. A clear, Ngh-conUast 
fingerprint image cannot therefore be obtained- Conventionally, a main body case for covering tiie overall fingerprint 
input apparatus is made to have a hermetic structure to protect tiie apparatus against such disturt>ances. 

Rg. 41 shows tine main part of a conventional fingerprint input apparaUis. Refening to Rg. 41 , reference numeral 
6 denotes a light source: 1 , a prism; 13, a prism holder; 3. a light-receiving unit; wxJ 14. a main body case. The light 
source 6 is placed on the right side of the lower surface side of tfie prism 1 . The prism 1 is heW by the prism holder 13. 
The prism holder 13 is fixed to the main body case 14 such that a fingerprint cdlection surface 1-1 of the prism 1 
opposes a finger mount portion opening 14-1 of ttie main body case 14. The light-receiving unit 3 includes a lens 3-1 , 
an Imaging plane (CCD) 3-2, and an imaging plaie case 3-3. The main body case 14 has a hermetic structure. 

In ttiis fingerprint input apparatus. Bght from the light source 6 is irradiated on the fingerprint collection surface 1 -1 
through ttie prism 1 . The light is r^lected by tiie pattem surface of a finger placed on the fingerprint collection surface 
1 -1, emerges from tf»e prism 1 , and is formed into an image on the imaging plane 3-2 tivough the lens 3-1 of the Kght- 
receivtng unit 3. In this case, ttw main body case 14 ha^ng a hermetic structure prwents dust and the Rke from adher- 
ing to the optical system including the lens 3-1 and the like, and also prevents external light (disturfcance light (3)) from 
entering the imaging jp^ne 3-2. 

In this conventional fingerprint input apparatus, however, light (disturtjance Pght (g)) envtted from the light source 
6 and detouring ttie prism 1 to enter the imaging plane 3-2 cannot be prevented. In addition, since ttie main body case 
14 hias a hermetic structure, it is difficult to diss?>ate heat generated by ttie light source 6 and ttie drcurts inside the 
case. The appmatus tends to deteriorate owing to ttiis heat Furttiermore, since tiie main body case 14 is heavy, a 
reduction in the w^ght of ttie apparaais is interfered. 

Embodiment 5 is ttierefore denned to reli^y prevent dust and ttie like from adhering to an optical system and 
prevent distuit>ance light from entering the imaging plane 3-2 without maldng the main body case 14 have a henmetic 
structure, ttiereby obtaining a high-quality f ingerprint image. 

[Ernb0(fiment5-1] 

35 Fig. 42 shows the main part of a fingerprint input apparatus according to ttie present invention (Embodiment 5-1). 
The same reference numerals in Rg. 42 denote the same parts as in Rg. 41 , and a description thereof will be onnitted. 

In Embodiment 5-1 , a light-shielding cover 15 is placed between a prism 1 and a light-receiving unit 3" to cover an 
imaspng optical patti between an exit surface 1-4 of ttie prism 1 and an imaging plane 3-2 while isolating ttie optical path 
from ttie outside. In tHs case, a prism holder 13' for holding flie prism 1 has openings 13-1 and 13-2 formed in surface 

40 portions opposing the exH surface 1-4 of the prism 1 and an incident surface 1-5 on which Bght from a source 6 rs 
incident (see Rg. 43). An opening 15r1 of ttie fight-shielding cover 15 on one end side is ooifited to ttie opening 13-1 
of ttie prJsm holder 13* witti a fitting structure An opening 15-2 of ttie light-sWelding cover 15 on ttie ottier side is also 
cot4)ted to an opening 3-3a of an imaging plane cover 3-3' witii afttting slructura Note ttial many air holes 14-2 are 
formed in a body case 14*. 

45 In this fingerprint input apparatus, fight from the fight source 6 is irradiated on ttie fingerproit conection surface 1-1 
ttirough ttie prism 1. The light is reflected by ttie pattem surface of a finger placed on ttie fingerprint coUecfion surface 
1-1, emerges from the exit surface 1-4 of the prism 1. and is formed into an image on tiie imaging plane 3-2 ttirough a 
lens 3-1 . In ttiis case, ttie fight-shielding cover 1 5 prevents dust and ttie like from adhering to ttie optical system includ- 
ing ttie lens 3-1 and ttie like; escternal light (disturbance fight ®) from entering ttie innaging plane 3-2 ttirough ttie air 

so holes 14-2; and fight (disturbance fight ®) emitted from ttie Bght source 6 from detouring ttie prism 1 and entering ttie 
. imaging plane 3-2. 

In ttiis fingerprint input apparatus, heat generated by ttie Bght source 6 and the circuits inside the body case 14' is 
dissipated ttirough the air holes 14-2 fonmed in ttie body case 14*. Witii ttie formation of ttie air holes 14-2 in ttie body 
case 14'. ttie weight of tiie body case 14' is decreased, and hence a reduction in ttie overall weight of the apparatus can 
55 be attained. In addition, since ttie light-shieWing cover 15 serves as a reinforcing member, the positional relationship 
between the components of the optical system can be reliably m^ntained against vitxations and extern^ forces, 
ther^ preventing offsets (size, positfon. and distortion) of a formed image, and allowing a fingerprint image to be sta- 
bly iriput 
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In this embocfimem, an optical nose process is performed for the surface of ttie inner wall of the light-shielding 
cover 15. More specifically, a black matte coating is formed on the surface of the inner wall of the Hght-shiekling cover 
15 to prevent disturbance light ® emerging from the prism 1 from entering the ima^ng plane 3-2 as optical noisa In 
the absence of the Ught-shielding cover 15, disturbance light 0 emerging from the prism 1 does not enter the imaging 

5 plane 3-2. In the presence of the Oght-shielding cover 1 5, however, the light Is repeatedly reflected by the surface of the 
inner wait of the light-shielding cover 15 to enter the imaging plane 3-2. For tNs reason, the black matte coating is 
formed on the surtace of tiie inner wall of the light-shielding cover 1 5 to prwent disturbance light (3> from entering the 
imaging plane 3-2. Note that an optical noise process may be performed by a method of forming a velvety coating sur- 
face by electrostatic coating, a method of forming the surface of the inn^ w^l into an uneven surface, and the like as 

10 well as the method of forming a black matte coating. That is, entrance of light (3> into the imaging plane 3-2 is prwented 
by absorbing or diffusely reflecting the ligfit incident on the surface of the inner wall of the light-shielding cova- 1 5. 

In this embodiment a film having a high reflectance is formed on the surface of the outer wall of the light-shielding 
cover 15. With this sti^ucture, light vAxich is not directly irradiated from the light source 6 onto the prism 1 is reflected by 
the high-reflectance film on the surface of the outer wall of the light-shielding cover 15 to be incident on the prism 1 , 

15 ther^ improving ttie illunrunation efficiency. 

In this errbodiment since the Bght-sWeWing cover 15 is coupled to the main body by a filling structure, an optical 
system positioning effect can be obtained. In addition, since the franrje and tiie cover are tightiy coupled to each other 
without any gap, the light-shielding effect and the dustproof effect improve. In this case, if tiie ftght-sNelding cover 15 is 
tenporarily secured to the main body with a fitting structure, and is fastened to the main body with screwre or the like 

20 aftenvard, the reinforcing effect irrprqves. 

[Embodiment 5-2] 

Fig. 44 sfKiws tiie main part of a fingerprint input apparatus according to the present invention (Embodiment 5-2). 
25 In Errtxxiiment 5-2. a light source cover 16 is provkJed for a light source 6*. Ttie light source cover 1 6 covers the light 

source 6' except for a portion on the exit surface side with respect to a prism 1. In addition, the light source cover 16 

and a light-sNelding cover 1 5 are integrally formed. 

In this fingerprint input apparatus, ttie illumination efficiency of the light source 6' with respect to the prism 1 is 

inproved by the light source cover 16. By integrally forming the Itght-sNekfing cover 15 and tiie Bgfrt source cover 16, 
30 tfra number of parts and the numb^ of manufacturing steps can be decreased, thus attaining a reduction in cost In 

addition, when the light-ehiekling cover 15 is positioned, the light source cover 16 is posrtfoned at the same time, thus 

fadlitating an assemUy operatiwi and shortening ttie tme required for assembly. When tiie light-shielding cover 15 and 

the light source cover 16 are to be integrally formed, the molds are drawn in the same directioa For tiiis reason, no exba 

moM is required. 

35 In this ertixxliment, as in Entxxliment 5-1 , an optica noise process is performed for the sur^ce of the inner wall 
of the nght-sMeWing cover 15, a fBm having a high reflectance is formed on the surface of tfie outer wall of the fi^- 
shielding cover 15 or the light source cover 16, and tiie integrally fbnmed fight-shielding cover 15 and light source cover 
16 are cot^ed to the main body with a frtting structure. In this embodiment if afilm having a high reflectance is formed 
on the surface of ttie inner wall of the fight source cover 16, the reflectance increases, and the Hluntination efffoiency 

40 improves. 

In each of Errbodiments 5-1 and 5-2, tiie lens 3-1 is used to form a fingerprint image on tiie imaging plane 3-2. 
However, a pinhole may be used in place of the tens 3-1 . 

In Embodiment 5-1 ^tg. 42), the optk:^ system is arranged accorcBng to the optk^ path separation method, txjt 
m^t>e arranged according to tfie total reflection method. According to the toted reflection m^hod. the light source 6 is 

45 placed on the left side of the lower surface side of the prism 1 , and light from the tight source 6 is irradiated on the fin- 
gerprint collection surface 1-1 through tiie prism 1 . tn ttiis arrangement however, since ttie space for the light source 6 
must be ensured on tiie left skJe of the lower surface skJeof the prism 1 (on the opposite side to ttw fight-recehring unit 
3*), a reduction in the size of the apparatos is Gmited. Embodiment 5-2 (Fig. 44) is suited for a case in which the optical 
system Is arranged according to the o0c^ path separation method. 

50 As is obvkxis from tiie above descriptfon, according to the first aspect ard the second, fourtii, fifth, st^ 

enth aspects associated with the first aspect fight reflected by the pattern surface of a fmger placed directiy or indirectty 
on the fingerprint collection surface and emerging from the prism passes through the pirtKie to be formed into an 
image on tfie imaging plane a\mosH parallel to the optk»l fingerprint coDection eulaoe of the prism. In tiiis arrangement, 
since the optical path ratio is made ccHistant and one point on the fingerprint cdlection surface is imaged at one point 

55 on the imaging plane, a kilur and distortion can be greatly reduced, and a high-quality ftngeiprint image can be obtained. 
According to the ttiird aspect and the fourth, fiftti, sixth, and seventh aspects associated with the tfiird aspect tiie 
optical system on the first prism side and the optical system on the secorKl prism skJe are set to t>e amilar to each other. 
With this anangement. light reflected by the pattern surfece of a finger traced directiy or indrectiy on tiie fingerprint ool- 
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lection surface and emerging from the first prism passes through the pinhole to be formed into an image on the imaging 
plane through ttie second prism. A biur and distortion can be eliminated at once, and hence a high-quality fingerprint 
image can be obtained. 

According to the eighth aspect, the ima^ng plane is tnctined with respect to the optical axis to prevent a blur, and 
5 the central a»s of the lens is inclined with respect to the optica axis to prevent trapezoidEd distCHlion. With ttiis arrange- 
ment, the light irttensity of a fingerprint image formed on the imaging plane can t>e increased without Increasing the 
intensity of fight from the fight source, and the occurrence of trapezoidal distortion can t>e greatly suppressed under the 
condition in which a Wur is suppressed, thereby obtaining a high-quality fingerprint imaga 

According to ttie ninth aspect, light from the light source is incident on ttie prism through the cut surface and inradi- 
10 ated on the lingerfxint collection surface with an almost uniform (Sffusion angle. The light can therefore be placed near 
the prism to reafize a compact structure witfiout causing illurrtnation irregularity on the fingerprint collecticxi surface. 
That is, Ixjth a reduction in the size of the apparatus arxl an improvement in the qu^ity of a fingerprint image can tie 
realized at once. 

According to the 10th aspect, the imaging optical path of light propagating from the fingerprint collection surface to 
15 the imaging fAax\e is not shielded within the prism, and an image of the light source is not projected on the imaging 
plane. For tNs reason, twth a reduction in ttie size of the apparatus and an improvement in the quality of a fingerprint 
image can be realized at once 

According to the 11th aspect, the imaging optical path of fight propagating from the fingerprint ooltection surfece to 
the imaging plane is not shielded witWn the prism, and an image of the light source is not projected on the imaging 
so plane, tn addition, light from the light source is not totally reflected by tiie fingerprint o^ection surface. bi addition to the 
effects of the 1 0th aspect therefore, the effect of preventing total reflection from adversely affecting a fingerprint image 
can t>e otit^ned. 

According to the 1 2tti aspect, tiie imaging optical patti of light propagating from Vne fingerprint collection surface to 
the imagng plane is not stuelded witWn the prism, and there is no possibifity tiiat an image of tiie fight source is pro- 
25 jected on the imaging plane owing to the light-shl^ng effect provided for the cut surface. The size of tiie apparatus 
can th^efore be further reduced by increasing the cut surface. 

According to the 13tti aspect, light from the light source is incident on ttie prism tfvough the concave cut surface. 
Witti this arrangement, illumination to the fingerprint coHection surface can be made uniform as corrpared with a case 
in whiich a fiat cut surfoce is formed. 
30 According to ttie 14th aspect light from the 1^ source is diffused by the concave inner surface of the cut surfece 
and is focused l)y the convex surfoce of the outer periphery of the cut surface to t>e irradiated on the fingerprint collec- 
tion surfece. Wfflh this arrangement the light intensity distrbution on the imaging plane can bp made uniform. 

According to the IStti aspect, light from the fight source is inddent on ttw prism through the matching member to 
be irradiated on the fingerprint collection surface with an almost iffiiform diffusion angle. With tNs arrangement tx>tii a 
35 reduction in the size of the apparatus and an inprorament in the quaTrty of a fingerprint image can be realized at ortce. 
In tills arrangement of the apparatus, the prism need not have a cut surfaca In addition, a'nce heat generated by the 
light source is radiated to the prism through the matching mennber. perspiration of the finger is sBmulaled. As a result, 
an additional effect of obtaining a dear fingerprint image can be obtained. 

According to the 16lh aspect light leaking from the side and rear surfaces of the light source is reflected by ttie 
40 reflecting film on ttie substoate surface and biddenl on the prism. As a result ttie niwrtination efficiency tor ttie finger- 
print collection surface improves, and hence a Nfi^vquality fingerprint image can be obt^ned at a low cost without inter- 
fering witti a reduction in size. 

According to ttie 1 7tii aspect light leaking from the side and rear sifffaces of the light source is shiekied by the light- 
sNeMing f am on the substrate surface to be preverted from passing tiirough ttie substrate and leaking 
45 surface. As a result, thie amount of str^ light entering, as noise, a fingerprint image formed on ttie imaging plane 
decreases, and hence thie quality ol a fingerprint irnage can be furttier improved at a kw cost with^ 

reduction in siza 

According to ttie 18tti aspect light leaking from ttie side and rear surfaces of ttie light source is refiected by ttie 
reflecting/light-shieUing film on the substrate surface to t>e incklent on ttie prism. In addition, the tight leaking from ttie 

60 skle and rear surfaces of ttie fight source is sNeMed by tlie refiectihg/nght-shiekJing fim on ttie substrate surface to be 
prevented from passing tlvough the substrate and leaking out from the rear surface. TTie effects of botti the 16th and 
1 Ttti aspects can therefore be ot)tained. 

According to the igth aspect ttie fight-sNekfing cover for covering ttie ima^ng optical patti t>^ween the exit sur* 
fece and imaging plane of the pnsmwhne isolating ttie opticaJ patti from ttie outsUe is used to reliably pret^ dust and 

ss ttie fike from adhering to ttie optical system; and (fi&turt)ance fight (disturbance light 0 and 0) from entering ttie imag- 
ing plane, ttiereby obtaining a high-cpjaGty fingerprint image. In addition, since the fight-shiekling cover serves as a rein- 
forming meiT4>er. tiie positional relationship between the conponenls of ttie optical system can be refialaly maintained 
against vit>rations and eicternal forces. Offsets (size, position, and distortion) of a formed image can therefore be pre- 
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vented, and a fingerprint image can be etabfy irput 

According to the SOtti aspect, since an optical noise process is perfonned for the surface of the inner wall of the 
light-shi^ding cover in the 19th aspect, cSsturbance light (distUTt>ance light ®) emerging from the prism can t>e pre- 
vented from errtering, as optical noise, the imaging plane. 

5 According to the 21st aspect, since the high-r^lectance film is formed on the surface of tfie outer wall of the light- 
shielding cover in the 19th or 20th aspect, light which is not directly irradiated from the light source onto the prism is 
reflected by the high-reflectarx% film to be incident on the prism. As a result, the illuntination efficiency improves. 

According to the 22nd aspect since the light source cover covers the light source except for the exit surface side 
with respect to the prism, the illumination efficiency for the prism improves. In addition, since the light-shielding cover 

10 and the light source cover are integrally formed, the numt>er of parts decreases. As a result, a reduction in cost can be 
attained. 

According to the 24th aspect, the opening of the ligfrt-shiekfing cover on one end side is cotpled to tiie opening of 
the prism holder which opposes the ent surface of the prism with the f itting structure, and the opening of the light-shield- 
ing cover on tiie other side is coupled to the opening of the inraging plane case with the fitting structure. When, there- 
15 fore, these member are to be completety assembled with screws or the Kke, the three members, i.e., the prism (prism 
holder), the light-shielding cover, and the imaging plane cover, can t>e easily secured temporarily. In addtion, since the 
coupling portions have no gaps, the light-shining effect and the dustproof effect can be improved as well as the optica 
system positioning effect. 

£0 Claims 

1 . A fingerprint input apparatus characterized by comprising: 

a prism (1) placed such ttiat a surface in one direction serves as a fingerprint collection surface (A-B); 
^ a light source (10-31) for irradiating light on the fingerprint ccrilectton surface through said prism; 

a pinfwie (PH) set in a path of Rght which is reflected t>y a patt^ surface of a finger placed on said fingerprint 
collection surface and emerges from said prism: and 

an imaging plane (KJ) on which the light emerging from said prism and passing through said plr^e is formed 
into an image, 

30 wh^an wrfien s^ prism is siAstiUited by air, an optical fingerprint collection surtece equivalent to the 

fingerprint collection surfoce is set to be substantially parallel to said imaspng plana 

2. An apparatus according to daim 1, wherein when the optical fingerprint collection surface has distortion wHh 
respect to the fingerprint collection surface, said imaging plane is rotated through a predeternraned angle. 

35 . 

3. A fingerprint input apparatos characterized by comprising: 

a first prism (1) placed such that a surface in one drection serves as a f ingeiprint collection surface (A-B); 
a light source (10-31) for irracfiating light on the fingerprint collection surface through s^d first prism; 
40 a pinhole (PH) set to a path Of Dght which is reflected by a pattern surface Ola finger placed on scud fi^ 

colfection surface and emerges from said first prism; . 

an imaging plane (I^ on whidi fhe tight emerging from esad first prism and passing through said pinhole is 
formed into an bnage; and 

a second prism (4) placed in front of said imaging plane. 
45 wfierein tfie fingerprint colledion surface of said first prism is set to be substantially parallel to said 

imaging plane, tfie fingerprint oollecSon surface of said first prism is set to be Gut)StarTtia(ly parallel to a surface 
of s^ second prism on the imaging plane side, and an exit surface of s^ first prism with respect to said pin- 
hole is set to be substantially parallel to an incident surfece of said second prtsm with respect to said pinhole. 

50 4. An apparatajs accorcfing to any one of claims 1, 2, and 3, further corrprising pinhole position adjusting means (10- 
35) for adjusting a position of said pinhola 

5. An apparatiis acceding to daim 4, w^ein said f^nhote position adjusting means is constituted by a manual 
adjusting meduutism, and said apparatus hirther comprises a dtsf^ section (10-2) for displaying a fingerprint 

55 image formed on s^ imaging plane. 

6. An apparatus according to daim 4, wherein said pinhole position adjusting means automatically adjusts the posi- 
tion of said pinhole. 
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7. An apparatus according to any one ol darms 1 . 2. and 3, wherein said Dght source is an LED or a laser beam radi- 
ator. 

8. A fingerprint input apparatus characterized by comprising: 

a prism (1 ) placed such that a surface in one direction serves as a fingerprint cotlection surface (A-B): 
a light source (6) for in-adiating light on the fingerprint collection surface through said prism; 
a pinhole set in a path of light which is reflected by a pattern surface of a finger placed on said fingerprint col- 
lection surfece and emerges from said prism; 
a lens (5-2) placed close to a rear side of s^d pinhole; and 

an imaging pl^e (a-b) on which the light emerging from said prism and passing through said pinhole and said 
lens is fomrted into an image, 

wherein when a straight line connecting a center of the fingerprint collection surface arKi a center of said 
imaging f^ax\e is an optical axis, said imaging plane is inclined with respect to the optical axis to prevent a blur, 
and a central axis of said lens is inclined with respect to the optical axis to prwent trapezddal distortion. 

, 9. A fingerprint input apparatus, in which 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1 -1), 

a light source (6) for irradiating light on the fingerprint coltection stvface through said prism, and. 

an imaging plane ^-2) on which light reflected by tfie fingerprint collection surface and emerging from said 

prism is fornied into an image 

are arranged by an optical path separation method, 

charact^ed tn that a cut surface (1-3) is fomned at a distance from a vertex of said prism which 
opposes ^ fingerprint collection sur^e, and 
said light source is placed to oppose ttie cut surface of said prism. 

1 0. An apparatus according to dam 9, wherein the cut surface is formed under conditions that an imaging optical path 
of light from tiie fingerprint collection surface to s^ imaging plane is not prevented, and an image of said light 
source is not projected on said imaging plane. 

1 1 . An apparatus according to dam 9, wherein the cut surfece is formed under corxlrtiors tiiat an imaging optical path 
of light from the fingerprint coltection surface to said imaging plane is not prev&ited. an image of said light source 
is not projected on said imaging plane, and light from said light source is not totally reflected t>y the fingerprint cot- 
lection suface. 

1 2. An apparatus according to daim 9, wheran the cut sur^e is fbrmed under a condition tfiat an imaging optical path 
of light from the fir>gerprint collection surface to said imaging plane is not prevented, arKJ a light shield is provided 
for a region, on the cut surface, on which an image of said light source can be prelected. 

13. An apparatus according to any one of claims 9 to 12. wh^ein the cut surface of said prism is a concave surface. 

1 4. An apparatus according to daim 13. wherein the cut surface of said prism has a convex Miter per^ery. 

15. A fingerprint input appOBtus, in which 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1). 

a light source (6) for irradiating light on tiie fingerprint collection surface tfvough said prism, arxi 

an imaging plane (3-2) on which tight reflected by the fingerprint collection surface and emerging from said 

prism is formed into an image 

are ananged by an optical patii s^}aration metiiod, 

characterized in tfiat said light source is placed tn contact witti said prism through a matching member 
(9) having a predet^mined refractive index. 

16. A fhgerprint input apparatus comprising: 

a prism (1 ) placed such tiiat a surface in one direction serves as a fingerprint collection surilace (A-B), and 
a light source mounted on a surface of a eul>8trate (1 1) and serving to irradiate light on the fingerprint collection 
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surface ttirough said prism. 

characterized in that a film (11-1) having a Ngh reflectance is formed on the surface of the substrate on 
which said light source is mounted. 

17. A fingerprint ir^xJt apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint cdlectitvi surfece (A-B), and 
a light source nwunted on a surface of a 5ut>strate (1 1) and serving to irradiate light on the f ingeqx>nt collection 
surface through s^ prism, 

characterized in that a film (1 1-1 *) for shielding tight is formed on Vhe surfece of the sutjstrate on which 
said light source is mounted. 

18. A fingerprint irput apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B), and 
a light source mounted on a surface of a substrate (1 1 ) and serving to irradiate light on the fingerprint collection 
surface through said prism, 

cfiaracterized inthataf3m(11-1"} having a high reflectance arxl shielding fight is formed on the surface 
of the sut>strate on which s^ tight source is mourrted. 

19. A fingerprint input apparatus (^laracterized by comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1); 

a light source (6) for irradiating light on the fingerprint coUeclion suface tfvough said prism: 

an imaging fHane (3-2) on wtiich light reflected by a pattern surface of a finger placed on the f ingerprirrt «}llec- 

tion surface arxJ emer^'ng from said prism is formed into an image: 

a prism holder (13) for holding said prism to fix the fingerprint coltection surface such that the fingerprint col- 
lection surface opposes a finger mount portion opening (14-1) of a m^n body case (14), said prism holder hav- 
ing an opening at least in a surface portion opposing an exit surface of said prism and an inddent ^rface of 
said prism on wtiidi light from said light source is incident and 

a light-shielding cover (15) for covering an hnaging optical path t>etween tfie eoA surface of prism arxf s^ 
imaging plane while isolating the optical patti from the outside. 

20. An apparatus accord ng to daim 19. wher^n an optical noise process is performed for a surface of an inner wall of 
said light-shielding ccver. 

21. An apparatus according to any one of daims 19 and 20. wherein a film having a high reflectarKe is formed on a 
surface of an outer wait of s^ light-sfiielding cover. 

22. An apparaftjs aocofding to daim 19. wherein said light source is covered with a Bghd source cover (16) except for a 
portion on the exit surface side vnth resped to said prism, and eaki 6^ source cover arid said figH 

are integrally formed. 

23. An apparatus according to cym 22, wherein afim having a high rellectarKe is formed on a surface of an inner wall 
of said light source cover. 

24. A fingerprint ir^ apparatus charaderized by comprising: 

a (Mism (1) placed such tiiat a surface in one direction serves as a fingerprint collection surtace (1-1): 
a light source (6) for irracGating light on the fingerprint collection surface through said prism; 
an imaging pteuie (3-2) on which tight refleded by a pattern surface of a finger placed on the fingerprint odiec- 
tion surface and emerging from said prism is fomied into an image: 

a prism holder (13") for hdding said prism to fix tiie fingerprint cotlection surface such titat the fingerprint col- 
lection surface opposes afinger mount portion opening (1 4-1) of a main body case (14^, said prism holder hav- 
ing openings (13-1, 13-2) at least in a surface portion opposing an exit surface of said prism and an incident 
surface of said prism on which light from said light source is incident: 

an imaging plane case (3-3') for storing ssad imaging plane, s^ case having an opening (3-3a) on tfie exit sur- 
face ^e of said prism: and 
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a light-shielding cover (1 5) for covering an imaging optical path between the exit surface of eaid prism and said 
imaging plane while isolating the optical patfi from the out»de, 

wherein an opening of said light-shielding cover on one end side is coupled to the opening of said prism 
holder which opposes tfie exit surface of said prism with a fitting structure, and an opening of said light-shield- 
ing cover on the other end side rs coupled to the opening of said imaging plane case witfi a fitting structure. 
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emerges from the prisnx The light emerging from the 
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be siijstantiatly parallel to the imaging plane. 



masmman 



FM 



covnuKSGmnt 

QpT] 

rHntiMAOiiG 
nocoaiict 



(— 1 IS-J 



lAUKMuncooam 

DUTPUT 



F I G.2 



2 t$ rnn 



EP 0 847 024 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apprication Ktjmb«r 

EP 97 12 1472 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ot fetevam passages 



US 5 416 573 A (SARTOR JR THOMAS F) 
16 May 1995 (1995-05-16) 

♦ figure 3 ♦ 

US 3 670 305 A (HALONEY WILLIAM T) 

13 June 1972 (1972-06-13) 

Sections "Background of the Inventton" and 

"Summary of the Invention" 

♦ figures 1,2 ♦ 

US 4 6-81 435 A (KUBOTA KA2UHISA £T AL) 
21 July 1987 (1987-07-21) 

♦ the whole document + 

US 5 233 404 A (CHAU LAM K ET AL) 
3 August 1993 (1993-08-03) 

♦ column 2, line 55 - line 65; figures I-S 
♦ 

♦ column 3, line 27 - line 34 * 



US 3 527 535 A (MONROE JOHN N) 
8 September 1970 (1970-09-08) 

* column 3, line 66 - line 72; figure 2 * 

WO 93 10508 A (DIGITAL BIOMETRICS INC) 

27 May 1993 (1993-05-27) 

+ page 6, line 6 - line 10; figure 4 ♦ 

PATENT ABSTRACTS OF JAPAN 

vol. 018. no. 379 (P-1771). 

15 July 1994 (1994-07-15) 

& JP 06 103369 A (MATSUMURA ELECTRON KK) 

15 April 1994 (1994-04-15) 

* abstract * 



Relevarw 
to Claim 



1-8 



1-8 



9-11 



9-11 



16-18 
19-24 

12 



15 



CLASSlFICATON OF TWE 
APtnjCATIQM (totCic) 



G06K9/00 



TECHNICAL FIELDS 
SEAftCHeO (Int.Ct.e) 



The present search reporl has been drawn op tor all claims 



PUc* of tMich 



THE HAGUE 



Oil* al con^Htton tH fi« miicd 

28 October 1999 



16-18 



G06K 



CATEGOf=(y OFaTEOOOCUMENTS 

pdrltCLrfarty latovant K lak«n 4(ona 

■ partici^arly talavaol t combio^O wdh another 
docufnoni ot llt« Mm* calogoiv 

: 'vchnologicalbacltQround 

■ noo-wntton disclosuf* 



Granger, B 



T : lh«(KV orpnnc«>l« undeflyuig tff mv»ntk>rt 
E : eirtiar pai«nt <locufTi*nt. but pU>ksh« o on, oi 

at\»i (he Irling date 
D ■ c>ocun\«n( crt»<J m ttw ^licalion 
L : documgnl olatt lor othar reasons 



3 : m^mtMf ol th« wma pliant famKy. corr^sponAnQ 
OOcumenl 



2 



EP 0 847 024 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appitcatlon Numb«T 

EP 97 12 1472 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with ifxJication, where appropriate. 
0* retevani passages 



US 4 455 083 A (ELMES PAUL B) 

19 June 1984 (1984-06-19) 

♦ column 2, line 37 - line 58; figure 2 * 



Relevant 
to claim 



19-24 



C(.ASSIFICATION OF THE 
APPUCATtON pnt.CI.6) 



TECHNtCAL FIELDS 
SEARCHED {lnt,CI,6) 



The present sear cti repon has been drawn up tor all claims 



THE HAGUE 



Oil* lit exmfMtionol tH Hwcri 

28 October 1999 



CATEGORV Of CITED DOCUMENTS * 

■ partictridrty rst«vant < laksn dlon« 
: pailicularty ralavani il comb«4d with anothvi 
documanl of tha sarm cal«go<v 
: l«chnoiogical background 
: non-wntten disclo«ur« 



Granger, B 



T ■ Itwory or pnncpl* urxlertvkig lh« mvAntion 

an«t the f ilrig t$ale 
D : docunwrri cil«d in th* ^jpjicalion 

& : mtrrtnn Ol tho sima paisnt family, cornspofvdina 
ilocumant ■ ^ 



BNSOOCID: <EP 06<7024A3J_> 



EP 0 847 024 A3 




European Parent 
Office 



Apptlcatlon Number 

EP 97 12 1472 



CLAIMS INCURRING FEES 



The present European patent appfication comprised at the t.me ot filing more than ten claims. 



LACK OF UNITY OF INVENTION 



see sheet B 



D ill!fJ^' ^^"'l' '^^.^ P^'^ fi'^ed time limit. The 

' — ' been drawn up lor all claims. 



present European search report tia* 



□ 



tlfSTmenfioned in me dSni S^^aLI: ""^ applealw which relate 10 Ihe invensor 



BNSOOCIO: <EP_<»470i24A3 J_, 



4 



J) 



EP 0 847 024 A3 



European Patent 

LACK OF UNfTY OF INVENTION App*ic*tk,n Numt>« 

SHEET B EP 97 12 1472 



1. Claims: 1-8 

Fingerprint input apparatus ccharacteri zed by a pinhole set 

2., Claims: 9-14 

Fingerprint input apparatus characterized by a cut surface 
formed at a distance from a vertex of the p?ism which 
opposes the fingerprint collection surface 



3, Claim : IS 

Fingerprint input apparatus such that a light source is 

?ltint !" "h^"''^ "'^^ ^ P^^''" ^^""^^Sh a matching membe 
having a predetermined refractive index 



4. Claims: 15-18 



Fingerprint input apparatus characterized by a film for 



5. Claims: 19-24 



Fingerprint 
and a light 



input apparatus characterized by a prism holder 
shielding cover 



EP 0 847 024 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATrON NO. 



EP 97 12 1472 



l^^^^T.T.r^L^lZr.:'^^^^ - ^ ^t-ve-^n^ooed E^opean search .epo.. 

The E«rop«. Patent Office is in no way «abte f« mese particulars which are rrierely giver> ,or me purpose o( ^torma.oo. 

28-10-1999 



Patent document 
cited in search report 


POtdicatiori 
<late 




Patent lamtty 
mefnber{s) 


Publication 
date 


US 5416573 


A 


16-05-1995 


NONE 








A 


13-06-1972 


NONE 








A 


21-07-1987 


NONE 






US 5233404 


A 


03-08-1993 


CA" 


1286032 A 


09-07-1991 


US 3527535 


A 


08-09-1970 


NONE 







WO 9310508 



27-05-1993 



US 
AT 
AU 
AU 
CA 
DE 
DE 
EP 
JP 
US 



5222152 A 
139357 T 
659979 -B 
3179793 A 
2123509 A 
692U564 D 
69211564 T 
0613576 A 
7501166 T 
5467403 A 



22-06-1993 
15-06-1996 

01- 06-1995 
15-06-1993 
27-05-1993 
18-07-1996 

06- 02-1997 

07- 09-1994 

02- 02-1995 



JP 06103369 A 


15-04-1994 


NONE 




US 4455083 A 


19-06-1984 


NONE 





For more <Jeta.ls about m« anr^. :see OHicial Journat ot the European Paten. Oflice, No. .2/82 



BNSOOCID: <EP 0M7024A3.I_> 



6 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS " 

□ GRAY SCALE DOCUMENTS 

IaLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



